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A. INTRODUCTION

This report is in reference to the research on "bynemlc
Tuning of a Signal Sorter in a Uense Environment" sponsored by
the Naval Research Laboratory. 7/I/80, principal investigator:
Dr. .M. Abd-Alla of the George Washington University.

Ehe purpose of the research was to study the application of
dynamic tuning, if practically feasible, to the design of d
particular signal sorter in order to improve its performance. A
simulation model of a signal sorter in . dEnse environment, which
was studied and developed through work by the Advanced TechniquesSBgranch of the TEW Uivision of the NRL was used for problem

analysis.

SSignal sorting involves the correlation of the mass of
signals detected by a receiver with the Individual sources that
generate each signal., The signal sorter receives a pulse train
which contains the signals of many different sources and which
must be measured and analyzed to recognize the sources of the
signals, -tie emitters, and to separate the interleaved pulsesinto invdividual emitters.

I'Identification of particular emitters necessitates
maintenance of a file to compare received pulses with those
currently identified or known to be in a particular environment
and to update when new emitters are detected in the,•pivironment.
The signal sorter generates these t'iles based or. L..O1 parameters
measured by the receiver, such as direction-of-arrival [DOA].
carrier-frequency [-f- p 1 -width LW" and latestStime-of-arrival [DM-,- and uV generated parameters based on
measured parameters. such as pulse-repetition-interval [PRI].•

In addition, the signal sorter must be able to detect some
irregularities and/or intentional variations in the signals
received, such as signal dropout, signal overlap or measurement
inconsistencies. A dense environment requires a signal sorter
with high throughput rates in order to Keep up with the high data
rate for real-time requirements; and for this particular
application (airborne), size, weight and power consumption must
also be kept to a minimum.

B. BACKGROUND INFORMATION

The simulation model includes models of the environment, the
antenna and receiver, and the signal identification and ;ortiyg
system. A summary description of that model is presented here.

SB.I. Environment Simulation

Two subroutines. NDAGE and NEMIT. simulate the
electromagnetic activity seen by the receiver. NDAGE qenerates

, the initial parameters for each emitter: see figure 1 for field
"definitions for each parameter of the emitter array. It randomly
selects a value for each parameter out of a range of expected
values for that particular parameter. NEMIT modifies& and updates

- , - 1 ~ * -



FIELO DEFINITION OF THE PARAMETER ARRAY FOR EACH EMITTER:
EMITR(I,J) WHERE I=EMITTER NUMBER, J=DEFINED BELOW

1. DX - X DISPLACEMENT OF EMITTER AND SIGNAL SORTER (METERS)
2. DY - Y DISPLACEMENT OF EMITTER AND SIGNAL SORTER (METERS)
3. POWER OF EMITTER (INCLUDES ANTENNA GAIN)
4. MAINLOBE SIZE - OF EMITTER IN DEGREES
5. SIDELbBE LOSS - IN DECIBELS DOWN FROM MAIN BEAM GAIN
6. MAX. ANTENNA ANGLE - UP SCAN LIMIT OF ANTENNA IN DEGREES
7. SCAN RATE - IN HZ
8. PRI - PULSE REPETITION INTERVAL IN SECONDS
9. PULSE WIDTH - IN SECONUS

1U. FREQUENCY - IN GIGAHZ
11. ON TIME - TIME WHICH THE EMITTER IS TURNED ON (BEFORE

MAXIMUM ON-TIME ONEMS)
12. OFF TIME - TIME AT WHICH THE EMITTER IS TURNED OFF
13. RCVR POWER - POWER LEVEL FROM EMITTER I SEEN AT THE

RECEIVER ANTENNA

14. TUA - TIME OF ARRIVAL OF TRANSMITTED PULSE AT RCVR ANTENNA
1b. UUA - uIRECTION OF ARRIVAL OF TRANSMITTED PULSE AT RCVR ANT.
16. FLAG - SET FOR UURATION OF PULSE
17. INITIAL ANTENNA ANGLE - IN DEGREES
18. OZ - Z DISPLACEMENT OF EMITTER AND SIGNAL SORTER (VETERS)
19. MIN. ANTENNA ANGLE - LOWER SCAN LIMIT IN DEGREES
ZO. VA - X VELOCITY COMPONENT OF SIGNAL SORTER PLATFORM
Z1. V! - Y VELOCITY COMPONENT OF SIGNAL SORTER PLATFORM) 22. V" - Z VELOCIT! COMPONENT OF SIGNAL SORTER PLATFORM
23. TYPE: -1:MOVING EMITTER, O:FiXED, +1:COLLISION COURSE
24. SPARE
25. SPARE

Figure 1. Field Definition for Each Emitter
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the time-varying parameters for each emitter on a pulse-to-pt :;se
bazis.

The environment simulation generates interleaved pulse
trains representing several types of emitters that may be
encountered in a real environment. Regul.ir emitters. those with
no intentional variation of tiieir parameters, predominate,
although exotic emitters may also be generated. A variance on
some parameters can also be added on a pulse-to-pulse basis to
account for measurement irregularities, parameter agility, or
emitter drift.

Flexibility is included in the model to permit varying
environment parameters, such as emitter PRI distribution. emitter
location, signal densities. etc.. in different runs and to allow
the same environment to bz tested acainst several siqnal sorter
designs. See appendix F.1 for the maximum and minimum values for
each parameter.

B.2. System, Configuration

B.Z2a. Antenna & Recr'.ar
The subroutine RCVR simulates the antenna and receive,'

model. The antenna model is a phased array antenna with a beam
forming network . This antenna is equivalent to several fixed
directional antennas all integrated into an array covering the
full 360° view around the signal sorter platform.

The receiver model is comprised of 16 video detectors, one
at each beam port of the antenna. Amplitude measurements from
these detectors are used to calculate direction of arrival. The
receiver also sueasure PW. CF and TOA. These values are then
digitized ana pas;ed to the processing system for identification
and sortig.

The OOA is used as a sorting parameter. Each beam is
divided into four (4) distinct bins, creating 64 bins for the
36GV view. Each emitter is tiled and accessed in main memory by
its bin number. A match or no-match with the file in main memory
Is based on' findino the matching frequency parameter for a

*particular emitter in its {OA bin. TOA is used to calculate
pulspi-re' etition-interval (PRI) for prediction of subsequent
pulse- arrivals. Values for antenna or receiver sensitivity.
har,dwirt4'. gains. etc.. were chosen within the range of current
techrn,.l ogies.

IB,2.t%. Processing Hardware

Configuration of the signal sorting system includes both
pipeline and parallel arcaitectures. A block diagram of the
system is shown in figure 2. The CAM, the Processor-Array
buffer, the LIST buffer and each bin (128 of them) of the
CAM-LOAu-LIST, are Fir.t-ln-F1rst-Out (FIFO) buffers to
synchronize the rate of the data flow.



f CAM A DATA FROM RECEIVER
-TA(I) BUFFER

I UNMATCHED DATA FFIFO ARRAY L O-

DAT

FOR.MIMCONGCO MCI

PROCESSOR 2 3

SNTOA MEMORY MEMORY MEMORY

UPDATE LIST MODULE MODULE MODULE
1 2 3

LIST

Figure 2. Signal Sorting System
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I ~The signal sorter task consists of the following stages:
(1) presort. (2) identification and file generation. (3) list
forming based on the expected arrivals ard (4) CAM load.

"Presort utilizes t1e CAM. which is contintiously undated
based on active emitters detected by the recelver fJ CAM word
contains the DOA and CF of an active emitter. The PRI of the
emitter is stored in the corresponding wcrd of ;;he PRI memory. as
shown in figure 3. The received data are compare6 to the CAM for
a match. If no match occurs, the data is passed down the
pipeline t3 the 2nd stage. This CAM organization uses the CAM to
provide a fast response to the incoming signals and. hence. can
handle them on a pulse-to-pulse basis.

D Data that is matched by the CAM is updated for
next-time-of-arrival [NT(•A3 and passed to stage 3, LIST-forming
of expected arrivals. This LIST is ordered based on NTOA. anid
emitter parameters in the LIST are loaded into the CAN' when the
real-time clock matches the NTOA of the emitter. So the CAM acts
as a filter of the dcta stream to st'age 2. (identification and
file generation), and thereby leduces the the data stroam to that
stage by passing only unmatched data. This presort is done in the
simulation subroutin6 ASSOC.

The unmatchied data is compared to the file of previously
identified emitters in stage 2 and results in either an Addition
of a new emitter to the file or updatln5 the parameters of an
existing emitter if the unmatched data matches that of an
existing file within predetermined limits. These emitters. once
identified by the array processors, are stored in a LIST buffer,
which will be used to load the CAM LOAD LIST. These tasks are
carried out in the MPRR subroutine.

The CAM LOAD LIST of stage 4 is used to load the CAM, and
the CAM is loaded only with the nearest expected arrivals, which
allows the CAM to rentain small. This is necessary since the
current size of CAMs (content addressable memories) is limited
and is restricted to 24 registers in this simulation. In a dense
environment, the CAM would not be able to hold data on all the
emitters at once. Data for an emitters is loaded into the CAM
based on the expected arrival time of the next pulse. Thus. the
CAM is continuously loaded. The algorithm for determining the
loading time for emitter data into the CAM is discussed in the
next section.

B.2.b.1. LIST Forming Processor

The CAM LOAD LIST is a serlea of FIFOs which are ordered as
a series of time slots, the time slots correlated with the
Next-Time-of-Arrival (NTOA) of an emitter. Data for an emitter
is loaded into the FIFO corresponding to the NTOA of that
emitter. The correlation of NTOA is determined by the value of
some middle bits of the NTOA which represents the "time slot"
bits. the position of these bits being a function of the
distribution of the PRIs of the emitters. This provides a
uniform distribution of emitters throughout the FIFOs.

i~~j 3
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Figure 3. Data Pass for Matched Emitters
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Given a uniform distribution of PRIs over a known range.
based on the highest and lowest PRI of the emitter environment,
the time window for each FIFO is based on the following:

M-bits L N-bitsI

NTOA WORD

M = # of middle bit)s used as a time slot (M>O)

N = # of bits to the right of the time slot in the
NTOA word (N>O). Each word must be shifted N bits to
the right to position the M "time slot" bits as the
least si .ificant bits of the word.

In the simulation runs. the value of the least siqnificant bit of
the NTOA is one microsecond. The M value deteriines the number
of FIFOs used for the LIST. i.e. 2 M FIFOs. In the current
simulation. M is constrained to be less than or equal to 8;
therefore, the maximum number of FIFUs comprising the LIST is 2
or 256. Determination of the values of M and N based on the
environment is discussed later.

Data may be loaded into the LIST from the associative
processor (the CAM stage) or from the microprocessor array. Data
from the associative processor are emitters which matched in the
CA1 and will be arriving again in a time period equal to the
particular emitter's PRI. The NTOA of the matched emitter is
computed by adding the PRI to the TOA, and the emitter data is
loaded into tha LIST again in the FIFO corresponding to the new
NTOA time window. as shown in figure 3. Data from the
microprocessor array are those emitters which were unmatched in
the CAM and have now been matched and updated or added to the
file as new emitters. This data is added into a buffer for the
LIST and loaded into the LIST at a convenient time.

So. the LIST Forming Processor creates an ordered list of
those emitters whose pulses will arrive next. This function is
simulated in the LCAM subroutine.

B.2.b.2. LOAD CAM Processor

The LOAD CAM Processor loads the CAM from the LIST FIFOs
shortly before the next time of arrival of those emitters.
However. the CAM is loaded only when it is not doing a search.
Processing data from the receiver has higher priority than
loading. A real-time clock determines the particular FIFO in the
LIST from which data will be loaded into the CAM. The FIFO is
correlated to the real-time slot by the M and N values discussed
earlier.

Consequently, the CAM is loaded only with those emitters

that will arrive during tne next time period. The emitter data

is loaded into the CAM during the same time slot as the NTOA tif
the emitter. So the particular FIFO in the LIST to be unloaded

-4-,



"is determined the same way as the FIFO to be loaded is selected.
Data within a FIFO (bin) is unloaoed sequentially on a
first-in-first-out basis. The LOAD CAM Processor function is

"Ii " 5 simulated in the CAM and LCAM subroutines.

B.2.b.3. Microprocessor Array (MA)

Data that is not matched in the CAM is passed to a FIFO
buffer for the microprocessor-array which compares the unmatched
data to its files for a match on frequency in three adjacent DOA
bins. New data is stored -n the microprocessor-array (MAI memory
based on its DOA. There arc 64 modul•s in the MA m(.mory to
correspond to the 64 DOA cells of the receiver system. Each
module contains a number of entries (e.g., 16). Each entry
includer, the DOA. the frequency, the pulse-width, the TOA. the
PRI, the type of emitter, and a status flag for number of pulses
received.

A NOMATCH in the CAM passes that particular data word to the
MA input buffer. Because some of these romatches Fre caused by a
drift in an emitter's DOA, a search is done on three modules ip
the MA me~ory to attempt to find the eriitter in an adjacent
module. The microprocessor-array consists of three
microprocessors operdtlng in parallel. A search for a frequercy
match is done on the DOA module corresponding to that of' the
received emitter and also on the modules with DOA on either side
of it (i.e., DOA+1 and DOA-1). When a match is four.d in an
adjacent module, the emitter data is transfered into the proper
module (the most recent value of DOA) and the old entry is
purged.

The three processors search the three memory modules in
parallel. When one processor finds a match on the emitter, it
interrupts the other two processors. The three processors ther,
continue processinr, the next entry from the input buffer until
the buffer is empty. In addition to searching for a DOA drift,
the MA also searches for a frequency drift in each module within
+1 Hz. So the 14A does a between limits match on both the
frequency and the DOA. Data that is matched in this search is
updated in memory and passed to an output buffer for later
loading into the LIST. The MA function is simulated in the MPPR
subroutine.

C. ARCHITECTURE TUNING

Tuning as it applies to a fixed system architecturo refers
to a computer system structure that has been adjusted to solve a
particular problem more efficiently. In the case of a signal
sorter system, a static architecture limits its effectiveness to
a range of emitter parameters generated by the envirnment model
because the system is tuned to operate most efficiently in that
environemnt. These parameters are uniformiy distributed and

•.I:-") random; they are also bounded by arbitrary upper and lower limits
based on previously observed values. In order to make the system
more flexible, i.e., to expand the variety cf environments in
which the signal sorter can operate efficiently, requires dynamic



adjustments in the architecture.

Dynamic tuning is adjustment that occurs during operation of
the system whenever changes in environment aata require it. Since
parameters such as environment density. total number of pulses
per second. distribution of P1I, s and DOA distributions affect
system performance, changes in the processing system to
accommodate these changes in the environment could provide
acceptable system performance over a wider range of input
characteristics. In the next section. the effect of the PRI's
range on the previously described LIST structure is analyzed.

C.1. LIST Reconfiguration

It has been shown 2 that improved performance results when

the number of modules in the LOAD CAM LIST is chosen based on the
PRI distribution. This assumes a uniform distribution of PRI
values over the range of PRIs. Reconfiguration of the LIST is
based on the PRI distribution of the envi'ronment and the loading
time slot parameters 14 and N such that:

(1) 2 N < Minimum PRI
(2) 2 M > Maximum PRI

The first condition provides a good distribution of emitters over
the number of bins and the second condition covers the entire
range of NTOA. including emitters with maxium PRI. This provides

1j) that the time to cycle through all the bins in the LIST is
greater than the maximum PRI.

Since M determines the number of modules and keeping M small
is a consideration, the upper limit on M must be restricted. For
LIST configuration, tne following conditions should be true:

1. M 4 M-max (log2 of max # of modules allowed)
2. N < [log 2 PRIL] []=integer value
3. N+M=[log 2 PRIH]+J of quantity

For a summary of configurations of (M.N) giving the best results
for values of (PRIH,PRIL) see table 1 and figure 4. The maximum
value ;or 2 M is chosen arbitrarily to be 128.

Reconfiguration of the LIST is implemented by monitoring the
maximum and the minimum PRIs in the environment that is being
tested. The microprocessor array is the monitor which outputs
new values to the LIST control hardware to initiate
reconfiguration. This is done in subroutine CONFIG. which is
called by MPPR.

In simulation runs in this report. LIST configuration was
static if "number of emitters identified before configuration".
an input parameter. was greater than the number of emitters in
the environment, ,nd dynamic if that input pa'ameter was less

• -)• than the number of emitters present.

The range of PRIs affects the structure of the LIST used to
load the CAM with the data for next expected pulse arrivals.

-6-



TABLE 1. Configuration vs PRI 0Dstribution

I ~ ~~MAX PRI(P )_ ~ ~ > c:i_ _ _r
PRI j

PRI noo 2W0 250 3042 4oo o9 '8 7168 8000

(Pal LI

128 ,6,66 6,6 6,6 6,6 6,7 6,7 6,7 6,7

256 5,6 6,6 6,6 5,7 5,7 6,7 6,7 5,8 5,8

384 ' 5,6 6,6 6,6 5,7 5.7 6,7 6,7 5,8 5,8

512 5,6 6,6 6,6 5,7 5,7 6,7 6,7 5,8 5,8

640 5,6 5,7 5,7 5,7 5,7 6,7 6,7 5,8 5,8

768 5,6 5,7 5,7 5,7 5,7 6,7 5,8 5,8 5,8

896 5,7 5,7 5,7 5,7 5,7 6,7 5,8 4.,9 4,9

1024 5,7 5,7 5,7 5,7 5,7 51,8 5,8 4,9 4,9

(M,N = Log 2 (number of Bins),relative Bin size)

[,
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PRI H (microseconds)

2000 2048 3071Z4096 5120 7168 8000
-": • 2 / -. - ' " .. . . .' ' . . .. '.' '

256-

PRI LL

(m.Icro- 6,6
seconds) 6,6

6,7

640-

768-
5,7

896- 5,8

1000- 4,9
1023- 1

Figure 4. (M,N) LIST Configuration vs PRI Distribution
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fhus the LIST organization (the size of each module and the
number of modules), can be based on the minimum and maxlmum PRI.
"with the total size of the LIST remaining fixed. implementations
of modules of the LIST structure usinq both FIFO and RAM memories
are discussed below.

C.1.a. FIFO Implementation

The FIFO implementation of architecture tuning of the LIST
structure consists of a fIxed number of FIFO integrated circuit
memories of a fixed size and configuration logic. Whenever there! is a change in either the minimum or the maximum PRI. the

processor array passes these new valv'es to thE LIST configuration
logic, which performs the following functions: (1)It maps the PRI
pair (PRIHPRIL) into the (M.N) pair based on a prestored table
which was derived based on earlier research. 3 The logic for the
mapping is shown in figure 5. (2)It recor.figures the LIST
architecture based on the (M.1) pair generated by the mapping
RUM. The configuration h3rdware generates the sigrals fo, proper
interconnection of the FIFO ICs. Configuration will result in 2•
modules with each module consisting of one or more ICs. A logical
path is created between ICs when there is more than one IC per
module. For example, a reconfiguration with 16 ICs which requires
a reduction in modules from 16 to 8 will cause the output from
all even ICs to become input to the next IC. This will double
the size of each mcdule while halving the number of modules. (3)
LIST configuration logic also uses the (M,N) pair to determine
the proper module for loading and unloading data from the LIST.
The NTOA is decoded to load data into the proper module of the
LIST, and the real-time clock is used to unload data from the
correct module of the LIST into the CAM. The low order N bits of
the time fields are dropped, and the next higher order M bits are
decoded into a module number.

As an example, consider a PRIH of 7900 and a PRIL of 500.
The maximum value of N Is 8 [2N=28=256 < 500=PRILI; the minimum
value of N+M is 13 [2tM*N)=213=8192 > 7900=PRIH). M=5. So the low
order 8 bits and the high order 3 bits of the NTOA 3f an emitter
would be ignored and the middle 5 bits would be decoded into the
module (from . to 32) into which the emitter's data should be
loaded.

C.1.1. RAM Implementation

The main drawback to FIFO implementation is the large amount
of hardware required to construct the LIST. The alternative to
FIFO implementation of reconfiguratiun is a RAM memory. This
implomentation increases the ovetrhead required because of the
necessary use of pointers to sections of the RAM in order to
construct the independent modules of the LIST. Pointers must be
updated with each data word loaded or unloaded.

.7) FIFO simulation using a RAM requires two pointers for each
"" module: a LIST load pointer for tne top of the stack (last-in)
and a LIST unload pointer for the bottom of the stack
(first-in). Tne total number of pointers to the LIST is twice

7 -



PRI H 15 L
•15 0 15 0'

H12 ,11, 10  L9,8,7

I LIST R2 PRI
INTERCONNECTION MAPPING
LOGIC IRO

-2

R R2 SI S2

0 0 -= 6 (64 modules) 0 0 N= 6
o 1 M=5 0 1 N-7
1 0 M=4 1 0 N-=8

1 1 N= 9

Figure 5. PRI's flapping ROM
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the number of LIST modules. In order to reduce the number of
register pointers outside of the RAM memory, memory locations
within the RAN itself can be used as pointers.

Reconfiguration occurs when the LOAD-CAM processor receives
an interrupt from the processing array. The LOAD-CAM4 processor
reads the new configuration status (number of modules in the
LIST) and adjusts the pointers to the buffers accordingly A
microprocessor with internal memory is desirable it) implementing
the RAM LIST because of the address computations needed to access
the LIST. The internal data memory of the microprocesor is then
used to keep track of pointers to the next avalable data word in
sections of the LIST. Also, part of the hardware is used to map
the (PRIH,PRIL) pair into the (M,N) pair configuration while the
other part is used to decode the NTOA/real-time-clock into the
correct module for LIST loading/unloading. LIST imnplementation
with FIFO-ICs only requires a simple controller to perform the
same tasks which needed a microprocessor in the case of FIFO-RAM.

Previous research 4 indicates that FIFO-IC reconfiguration
resulted in the best performance but would be expensive to
implement due to the amount of hardware required. While the
FIFO-RAM approach produces additional overhead associated with
updating pointers and reconfiguration of the LIST. this does
degrade the system. but not significantly. FIFO-RAM
implementation would be more cost efective.

D. ENVIRONMENTAL INPUTS AND PARAMETERS OF THE SYSTEM COMPONENTS

The environmental inputs and the configuration of the
various component4 of the signal sorter system will affect its
level of performance. Environrmental inputs that will affect the
system are the number of emitters detected in the ernvironment at
any one time, the PRIs of those emitters, the types and number of
exotic emitters. Signal sorte?, parameters that will affect
performance are the speeds of the associative processor and the
array processor, and also the speed of the CAM manager. In terms
of LIST c6nfiguration. parameters that affect efficiency are the
[MN) values for the number of modules and the time-slot for
loading the LIST. These values and any advance load time for the
CA14 and the nui.ber of CAM registers will affect the performance
of the whole associative processing stage of the signal sorting
process. Since the efficiency of the system is dependent upon
the performance of each component of the system, it is important
to find the optimal configuration that will best handle any
environment that could be encountered.

To be able to vary the environment and to also vary the
configuration of the system, the following parameters are input
to the system at run time:

ENVIRONMENT: -continuous wave emitters Eyes/no]?
-pulse group emitters [yes/no]?
-nonuniform DOA change Lyes/noJ?
-number of frequency hopping emitters
-set high and low PRI [yes/accept default)?
-total number of emitters

-8-



-separation between emitter turn-on times

SIGNAL SORTER: -associative processing time in microseconds
-array-processor processing time in microseconds

per microlkistruction
,-CAM manager processing time in microseconds

-numlber of CAM registers
-initial number of modules in the 'IST ( 2 N)

t -initial number of bits shifted ( 2M)
-advance load time

Also included as inputs are 'simulation run time' and 'print
increment' for outputting statistics, both in seconds.

The parameters used to evaluate the performance of the
I signal sorter are:

1. rate of CAM nomatches per second
2. ratio of CAM nomatch/match
3. maximum number of emitters in the assocative processor

input buffer
4. maximum number of emitters in the FIFO input buffer of

the array processors
5. maximum number of emitters in any bin of the LIST

The "nomatcli" count in the array-processors does not include
those emitters whose signals have not been identified and
catalogued in the main memory files. It also does not include

.. UUA or frequency drifts. Nomatches are those emitters whose
parameters have been calculated and stored in the main memory
file bdt whose received pulse did not match, within the
prescribed limits, the parameters of any emitter in the CAM at
the expected time of the arrival of the pulse. The match count
repr 'sents the number of emitters matched iii the CAM. The ratio
of match/romatch is an indicator of how effective the filtering
process of the CAM Is. while the rate of nomatches per second,
calculated as the difference between the total number of
nomatches at the current second and the total number of nomatches
at the preceding second, is an indicator of how effective CAM
performance is over time. i.e.. if a steady state is realizable.
The AP input buffer contains output from the receiver to be
matched in the CAM. The size of this buffer indicates whether
the AP speed is adequate to handle the incoming data rate from
the receiver system. For varying CAM processing speeds, an
increase in this buffer could act as a measure of the maximum
delay for CAM loading from the LIST. This will be discussed
later.

A major objective of the system is to minimize the delay
from the time the first pulse of an emitter is received ,intili it
is identified and stored in the system. A lar.e number of
emitters in the FIFO buffer of the array processors would result
in a delay in completing their processing. This would be a
factor of both CAM effectiveness and processor-array speed.
Ideally. the size of this buffer should remain small over time.

The maximum size of any bin in the LIST shows the lower
bound for the size of the CAM. Bin size is the maximium number of

-9



emitters that will be loaded into the CAM during any time-slot. A
large number here would increase the probability of CAM
processing time causing a delay in loadinq an emitter In time for
its NTOA. Overwriting of data items that have not yet matched is
aso likely to occur if this size of any bin larger than the size
of the CA1M. Simulation runs indicate that for optimum
performance, the bin size should not exceed half the CAM size.

These performance measures are not independent, nor are they
all the performance measures that exist. These are the
performance measures described in the tables of this report.

u.1. Environmental Affects

The rate of nomatchez in the CAM is affected by the system
configuration and varying certain input parameters; however, a
percentage of those nomatches are strictly a result of the
environment. Environments that contain emitters with frequencies
that are equal within +1 units and are very close in
direction-of-arrival can increase the rate of nomatches over
ttime.

SEmitters with DOA or frequency drifts are passed to the
microprocessor array for a between-limits match of +1 units on
D)OA cell and freqency (frequency is scaled between 1 and 4096).
IU emitter-A has the same frequency+1 as emitter-B and the two
are in adjacent DOA cells in memory, the microprocessor array
will match and update the first location it encounters within the
required limits. The microprocessor array matches only on DOA+1
and frequency+1. If A matches B on DOA and frequency, A will be
updated based on the PRI cf B. This will result in subsequent
DOA-nomatches on emitter-A until it drifts to a nonadjacent cell
(UUA drift > 1) or enitter-B drifts out of the cell adjacent to
A. The former will result in a strict nomatch and entry into the
memory file as a new emitter. The latter will continue to result
in U)OA-nomatches until the NTOA is updated to the range of the
time window corresponding to the actual arrival time of the
emitter.

An emitter environment generated for 300 emitters is In
appendix F.3. Output includes BOA cell number, position of
emitter In each DOA cell, frequency and PRI. The list is sorted
by frequency. BOA's within +5 with frequencies within +1 are
highlighted as a potential source for this phenomenon. The BOA
drift for a several second simulation run can result in a drift
of tiilH size and larger.

From appendix F.3, consider emitter-A in BOA cell-20.
position-7, with a frequency of 72 Hz and a PRI of 7623
microseconds; and emitter-B in module-18. positlon-4. with a
frequency of 72 Hz but a PRI of 2931. If A drifZ3 to module-19,
a nomatch will occur in the CAM. The microprocessor will then
search memory modules 18. 19 and 20 for a match on frerquency

,-. 72+1. These modules will be searched in parallel. When a match
is found in one of the modules. adjacent searches are halted.
Since 8 is in the 4th position in module-18. it will match A
before the 7th poslton of module-20 is reached. As a result.
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emitter-A will be updated based on a PRX of 2931 rather thain 7623
and will produce more OUA-nomatches. In the worst case this
could produce as many as 131 DOA-nomatches in 1 second of
simulation time. The 131 nomatches corresponds to the arrival
rate of emitter-A (PRI=7623).

Several such occurences in an environment will increase thenumber of internal arrivals (the number of arrivals to the

Smicroprocessor array due to nomatches of all types), which is an
increase in the workload on the microprocessor array. This also
accounts for main memory containing less than the number of
emitters expec d in an environment. Instead of inserting a new
emitter into ,ne file, the microprocessor array matches the
emitter with an existing one that has the DOA and frequency
within the required limits.

D.1.a. Separation Time

Emitter turn-on times will also affect system performance
because it alters the density of new emitters seen in the
environment at any one time. In addition, if the characteristics
of each emitter in the environment do not change, varying their
on-times (i.e., the time at which the emitter is first seen by
the signal sorter) will affect performance due to the different
combination of signals that will be seen during any one time
slot. It may eliminate some signal clustering; on the other
hand, it may increase the occurrence of this phenomenon.

For 100 emitters and 300 emitters, runs were made with a
separation time of both . 05 seconds per 100 emitters and of . 05
seconds, 100 emitters would be turned on within the first to 0.1
seconds and the third 100 emitters would be turned on within 0.1
to 0.15 seconds, and similarly for 0.15 seconds. So for an
on-time separation of 0.15 secondF, all 300 emtitters would not be
seen until 0.45 seconds of run-time had elapsed.

The above four configurations were run long enough for all
emitters in the environment to be detected. The run times were
as follows:

100 emitters with 0.05 separation -0.10 seconds
100 .15 .20
300 .05 .20
300 .15 .50

The rate of nomatches and the percentage of nomatch/match were
compared. In addition, the number of internal arrivals (NIA)
were examined since the rate of nomatches was at times zero for
the beginning of Ohe run. NIA includes all data that is passed
to the array-processors, UOA drifts, new emitters and any other
data not matched in the CAM, These values will reflect the
increase in data passed to the array-processor as each emitter is
detected and catalogued in main memory and the levelling off of
these figures as the number of new emitters in the environment
decreases and the signal sorter matches those signals it has
evaluated and can now identify. Table 2 contains data from these
four runs and figures 6 and 7 show graphically the rate of
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Table 2. Performance as a Function of SEPARATION TIME

Run-Time 100l w .05 100 w .15 300 w .05 300 w .15
-:' Seconds I

%N/M RNoM NIA %N/M RNoM NIA %NAI! RNoM NIA %N/M RNoM NIA

.01 0 0 38 0 0 16 0 0 26 0 0 2

.02 0 0 71 0 0 16 0 0 48 0 0 23

.03 0 0 68 3.1 2 23 0 0 68 0 0 19

.04 0 0 57 1.6 0 25 .95 3 78 0 0 16

.05 0 0 67 .93 0 25 .70 1 75 0 0 13

.06 0 0 14 .58 0 30 .43 0 61 0 0 27

.07 0 0 2 .39 0 28 .38 1 65 0 0 26

.08 .11 2 2 .29 0 38 .28 0 72 .22 1 25

.09 .09 0 0 .22 0 13 .21 0 46 .33 1 20

.10 .08 0O 1 .17 0 17 .17 0 65 .76 5 35

.11 .14 0 20 .25 4 86 .79 2 30

.12 .12 0 15 .31 5 82 .87 3 25

.13 .10 0 19 .43 9 70 .71 0 18

.14 .13 1 26 .54 11 71 .59 0 23

.15 .15 1 14 .58 8 86 .59 2 29

.16 .13 0 14 .69 16 37 .71 5 30

.17 -.12 0 0 .78 16 21 .62 0 22

.18 .11 0 0 .83 14 15 .57 1 26

.19 .54 1 27

.20 .53 2 19

.21 .50 1 21

.22 .49 2 2S

.23 .46 1 2S

.24 .44 1 22

.25 .41 1 13

.26 .41 2 14

.27 .41 3 27

.28 .40 1 24

.29 .40 3 29

.30 .38 1 35

.31 .36- 0 38

.32 .35 2 22

.33 .38 6 23

.34 .38 3 31

.35 .41 7 32

.36 .43 7 35

.37 .48 12 28

.38 .48 3 19

.39 .49 7 41

.40 .52 10 27

.41 .58 16 37

.42 .60 11 33

.43 .62 11 38

.44 .63 9 29

.45 .67 15 39

.46 .74 25 38
".47 .73 7 11
.48 - .73 7 10

%NfM - Percentage of Nomatch/Match per second
RNoM - Rate of Nomatch per second
NIA - Rate of Internal Arrivals (to array-procesqors) per second
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IONIC=
internal arrivals for 100 and 300 emitters, as discussed below.

For IU emitters with 05 separation, the number of actual
nomatches is zero up until , 08 seconds when there are two
nomatches. (Recall that the nomatch count includes those
arrivals which should match in the CAM under ideal predictions of
arrival time and CAM loading. In other words, it does not
include the nomatches from the first three arrivals of a given
emitter while it is being identified by the processor array.)
However, the number of internal arrivals per second shows a peak
in activity at . U2 and a slightly smaller peak at that time. the
number of internal arrivals is reduced significantly. Tha
percentage of nomatch/matcn remains at zero until , 08 seconds
when the two nomatches are produced, but this figure also
decreases since thiere are no other nomatches during this time
period. The nomatch count refers only to those emitters which
should have matched if the CAM but did not for reasons other than
frequency or 00A drift or new emitter.

For 100 emitters with U.15 separation time, the first
nomatches, 2, show up at . 03 seconds: there is not another one
until 0.14 seconds of run-time; thus the percentage of
nomatch/match can be deceiving without also looking at the rate
of nomatches. The percentage of match/nomatch is a good
performance measure at steady state. ;.e. after all emitters are
seen. The NIA rate peaks at . 08 seconds - 64 emitters have been
turned on at that time - and decreases to almost a third of its
peak size at 0.15 seconds, when all emitters have been turned on.
After all emitters have been turned on in both runs, performance
is approximately the same.

For 300 emitters with . ('5 separation, all emitters will
turn on by 0.15 seconds. The number of internal arrivals peaks
at 0.04, 0.11 and 0.15 seconds, which is approximately the time
each 100 emitters will have been added to the file. The rate of
nomatches remains zero or fairly small, 5 or less, up to 0.13
seconds. The NIA rate, however, starts to decrease after 0.15
seconds. So more of the arrivals to the array-prucessor are
nomatches rather than new emitters, which have all turned on at
that point, thus NIA and rat3 of nomatches become approximately
equal.

For 30U emitters with 0.15 separation, this dops not happen
until . 46 seconds of run time. The rate of nomatches remains
small until about 0.35 seconds when it starts to slowly increase.
Since the turn-on times are spread over a longer time, the NIA
rate is much more smooth with the peaks not as pronounced as for
0.05 separation. There are slight peaks at the limit of turn-on
time for each 100 emitters and usually one between these limits
when at least 50 of the 100 emitters to be turned on during that
time interval have been detected. For example. there is a neak
at 0.16 seconds, but also one at 0.10 seconds; there is a peak
at 0.31 seconds and 0.45 seconds. but also one at 0.39 seconds.
After 0.45 seconds, the NIA rate starts to decrease from its peak) and the nomatch rate begins to approximate it. indicating that
all new emitters have beer, turned on.

The results of this simulation of all emitters with sign. 1

-12-



turn-on within Such short period time is used f6r worst case
analysis. It would correspond to a system turn-on or system
reset in the midst of a dense environment or to an even denser
environment with a longer separation time It represents the
worst case transient analysis rather than the steady state of
performance for the microprocessor-array.

U.1,b. Frequency Hoppers

Frequency hoppers are those emitters that change the carrier
frequency of the pulse signal in some fashion (sometimes
pulse-to-pulse) while the PRI remains the same. This type of
emitter is difficult to identify. The receiver model measures
the frequency and calculates the DOA based on which antenna
receives the strongest part of the siqnal. This information is
catalogued in the main memory file based on the BOA and the
frequency for each detected signal is stored in the file
corresponding to its BOA. Because identification is based on
frequency matching, frequency hopping emitters appear as new
emitters in the main memory file each time the signal appears
until a pattern in the transmission is detected. The result is an
increase in the workload on the microprocessors oecause there
appears to be more emitters in the environment than are actually
transmitting. Each signal is stored as a new emitter until
another signal with the same frequency and L)OA is received to
calculate the PRI for those parameters. If the frequency is not
repeated. each successive signal will be stored in the main
memory file until main memory is full: in actuality, until the
bin corresponding to the frequency hopper's DUA is full.

In order to determine the effect of frequency hoppers on the
signal sorting system without overflowing the main memory files,
a wraparound tecnhique is utilized. Whenever a bin in main
memory reached its limit due to frequency hoppers. the file was
modified to wrap around and start loading new emitters into the
top of the bin corresponding to the DOA of the emitter.
Wraparound in main memory can be detected by the maximum size of
any bin reaching 48. The actual pointer bin will be to the next
location that will be loaded. For those cases, the number
representing total emitters in the main memory file will not
reflect the fact there are 48 emitters in those bins, but will
only include the size of bin indicated by the pointer. For
example. if maximum size of bin 34 was 48 but the current pointer
is 6. the actual number of emittert in the main memory file 4 s
the indicated total minus the pointer value plus 48 (the actual
number of emitters in the bin).

An environment with 5U emitters and 2 frequency hoppers was
run for 1.0 seconds. This run was compared with an environment
of 50 emitters and no frequency hoppers. Both were run as a
dynamic configuration with . 05 second maximum separation between
on-times. One effect of the overflow in the main memory file
resulting in wraparound is that the frequency hopper environment
reconfigures the LIST after 0.6 seconds of run-time. Wraparound
"in the bin writes over emitters that were previously identified.
When the signals for these emitters are detected again, they will
appear as new emitters and will have to be typed and stored in
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the main file aqi in. If the frequency hopper cn,,cit'iues to
wraparound and write over the data for incoming emitters to that
bin, the emitters will never be typed and the PRI will not be
calculated for them. The data corresponding to the last signal
will be wiped out before a new signal is detected and compared to
the file. If the emitters in the wraparound bin are in the ranqe
that would produce a different configuration if these were not

present, the LIST will reconfigure as if they are not present
since they are not in the main memory file long enough to
cilculate the PRI.

Consequently, a second environment with 5U emitters and 2
frequency hoppers was run as a static configuration with a LIST
configuration of (3Z,Zb6), which is the configuration for the
dynamic environment with no hoppers. This environment will
eliminate any performance differences that are due to LIST
reconfiguration.

For the dynamic frequency hopper environment (dFH) and the
environment with no frequency hoppers (nFti), the rate of
nomatches remains the same up until the reconfiguration of dFH at
0.) seconds. The rate jumps from 0 to 637 in 0.1 seconds. The
nFH environment remains at zero for the duration of the run. The
static frequency hopper environment (sFH) is approximately the
same as nFH. The slightly better performance can be attributed
to the configuration remaining static throughout the run rather
than reconfiguring as new emitters enter the environment. The
number of nomatches in this case will reflect actual nomatches
from the regular (identified) emitters since each signal from the
frequency hoppers will appear as a new emitter, not as a nomatch
on an existing emitter. The indicators of the effect on the
system are most apparent in the number of emitters that appear to
be in the environment and the ratio of tie number of matches to
the number of signals received. The number of external arrivals
(NEA) will be the same for all runs since all three environments
have the same parameters with the exception of the two frequency
hoppers that ot,'' 'wary th.zir frequency with each pulse. Initial
values are the same.

The actual number of emitters that are in the main memory
file for each run are in table 3. At 0.6 seconds for dFH. the
number of emitters in the main memory file is listed at 80.
However, the actual number is 141 since ,he overflow in bins 34
and 16 is not added in. The current sizes of those two bins are
6 and 29, respectively. These two values must be subtracted from
the printed total of 80, and 48 must be added to the resulting
total for each full bin to get the correct tutal. The
computation will be 80-(6+29)+2*48, which is 141 emitters. Of
course, the nFH environment shows the total number of evi,'.ters in
main memory as 50,

Table 3 also shows values for the percentage of match/NEA.
The figures for sFH are approximately 3% less than that for nFH.
The dFH environment is equivalent to sFH until the
reconfiguration at 0.7 seconds. The PRI of the frequency hoppers
will determine how quickly main memory will overflow; as it is
clear that the emitter in bin 34 has a highter PRI than the
emitter in bin 16, both frequency hoppers. The results of the
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Table 3. Performance as a Function of FREQUENCY HOPPERS
k

" Seconds (32,256) % (32,256) (32,256)

RA.TE OF NOMATCHFE

0.1 2 0 2
0.2 1 1 1
0.3 0 0 0
0.4 0 0 0
0.5 0 0 0
0.6 0 0 0
0.7 0 0 637
0.8 0 0 841
0.9 0 0 866
1.0 0 0 860

PERC!rITAGE of MAMTH/NIA

0.1 87.5 85.1 85.0
0.2 94.5 91L9 91.8
0.3 96.4 93.8 93.7
0,4 97.3 94.6 94.6
0.5 97.9 95.1 95.1
0.6 98.2 95.4 95.4
0.7 98.5 95.7 90.0
0.8 98.6 95.8 84.3
"0.9 98.8 96.0 79.8
1.0 98.9 96.1 76,3

NJMBER OF EMITTERS IN 1MORY FILE

0.1 50 88 88
0.2 50 117 117
0.3 50 130 130
0.4 50 140 140
0.5 50 139 139
0.6 50 141 141
0.7 50 141 141
0.8 50 1]46 147
0.9 50 157 159
1.0 50 170 174

NEA = number of external arrivals (from Receiver)

lAj)
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sFH environment are in appendix F.6.a.

""he same environment was run as a static environment of 50
emitters and 2 frequency hoppers with no wraparound since,
.ioeally, new emitters would not be added to a full module or when
a moaule is full, a search to detect frequency agile emitters
should De executed. When the memory module is full. new emitters
and LOA-drifting emitters are not added to the file. This means
they will not be loaded into the CAM for match, but will always
appear as new emitters. They will be passed to the
microprocessor-arrdy for entry into the file but will not be
loaded. Thus. the only indication of this extra arrival activity
will be the increase in the number of arrivals to the
microprocessor.-array (NIA) and the match count. The difference
in NIA for sFH and the non-wraparound memory environment is less
than 2% at the end of run-time; however, simulation run-time was
only 1.0 seconds. For example, at 1.0 seconds for sFH. the match
count is 15708 and NIA is 641 compared to 15694 and 655 for the
static memory case (no wraparound). One of the main differences
in the two runs is the increase in the nomatch count at 0.6
seconds for the static memory case due to a DOA drift from memory
module 17 to memory module 16 at the end of 0.5 seconds. Since
module 16 is full. the emitter data is transferred out of module
17 but cannot be loaded into module 16 The results of the static
memory case are in appendix F.6.b.

teObviously, frequency hoppers in the environment will degrade
the system considerably if there is no provision for
identification of thesc signals. As seen above, this results in
memory overflow, and if reconfiguration takes place, degradation
of performance in matching incoming signals since the system will
not adequately catalog the environment.

U.2. LIST Configuration

Reconfiguration of the LIST dynamically according to maximum
and minimum PRI's should produce the best performance. based on
research cited earlier. The PRI range for the simulation runs
made for this report is from 500 to 7900 microseconds. Expected
valueA for the number of bits shifted, N (shown as a displacement
of 4 ), and the number of bits in the time-siot-witidow, M (shown
as 21, representing the number of bins in the LIST). is 256 and
32, respectively.

This (0,N) pair was derived based on a maximum value of M
being 7: that is, a maximum of 128 modules in the LIST are
allowed. This limit was placed arbitrarily to limit the hardware
cost of FIFO-ICs. This limit and the resulting (M,N) pair for
the above environment worked well for a total number of emitters
of 100.

An environment of 300 emitters was run with both static and
dynamic confiauration using 256 and 32 as the input parameters
for the LIST with approximazely equa'i results, as was expected.
"This same environment was run as a static configuration with the
number of bins for the LIST larger than the requirement. with the
values of M and N still satisfying the restrictions (1) N < [loq2
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PRIL] and (2) N+M > Llog2 PRIH]+I. This required a reduction in
the number of bits shifted: the offset for the time-window.

The number of bins was increased to 128. the
time-window-offset was reduced to 64. Using the perceontage of
W4OMATCH/MATCH in the CAM as a performance measure, this value
decreased by a factor of 17 from the (32,256) configuration. For
the (128.64) configuration at 8.0 seconds, the percentage of
nomatch/match was 1.5S compared to 26.2 for the (32.256)
configuration. See table 4 for results. However, when this LIST
configuration was used for 100 emitters, performance wasdegraded.

One explanation for the improved performance is that the
smaller bin size due to the larger n'inber of bins in the LIST
results in fewer nomatches in the CAM due to avoiding overwrite.
The CAM is loaded from a bin in the LIST based on a time-window.
If the number of items in any one bin is large. loading the CAM
may overwrite data that has been updated and the NTOA of that
emitter has not passed. Thbs I! more likely to happen when the
number of emitters in any one bin is larger than or equal to size
of the CAM. The smaller offset to the time window will require
more CAM loads, but it increases the likelihood of a data item
being matched before another data item is loaded into that
reqister. The (128.64) configuration resulted in the bin size
for 3UU emitters being reduced to the range of bin sizes of the
(32,256) configuration for 100 emitters.

LSFor improved performance, a large number of modules in the
LIST should be used whenever the expected qumber of emitters in
the environment is large. For dynamic reconfiguration to be
effective, the maximum value of M (i.e.. M-max) should be a
function of the expected number of emitters in the environment.
Monitoring both the PRI and the maximum size of the LIST bins.
which is, in tarn. dependent on the number of emitters (NE),
should result in optimum performance of the system. In other
words, reconfigure the LIST according to PRI and LIST size (or
NE). with the limit being the size of the CAM.

The optimum configuration values that are used in the
simulation. as disciussed in section C.1.. were based on a maximum
environment of lUJ emitters. The optimum values for larger
environments were not calclated. Still, the larger value for M
satisfies the condition: 2 >maximum PRI.

D.3. Associative Processor (AV)

Uata is loaded into the CAM during the same time-slot as the
emitter's NTUA: i.e., an emitter is loaded Into the CAM in
advance of its NTOA by an amount of time less than or equal to
the size of the time slot minus the delay 4n the LIST. However,
the CAM is loaded from the LIST only wh~en it is not processing
data from the receiver. The 9TOA ef an emit~ter may require a CAM
"load during this period of processing. If the processing time
"for data from the receiver results 1i current time greater than
the tNTOA of emitters in the LIST, this will result in nomatches
in the CAM due to late loading of the CAM or not loading a data
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"Table 4. PERCENTAGE OF NOMATCH/MITCH

Nuimber of Run-Time (32,256) (32,256) (32,256) (128,64)
Bnitters Seconds MPT=.01 cICFi=0.5 MPT=.01

1 .099 .096 .016 .609
2 .107 .104 .022 .597
3 . .116 .031 559S 100 4 .129 I .125 ! .031 , 548

I 5 .124 I .121 i .031 S;5S
6 .119 .116 .031 1 .529
7 .118 .115 .027 .517

.113 .110 .027 .516
.115 .112 .030 .516

.0 127 .125 .038 .515
11 .129 .126 i .038 1 .517

, ____12_, .131 .128 .038 .516
(128,64) (128,64) (128,64) (32,256),(128,64) (32,2.O56)=0.

_T=. 01 CPT=0 5 "

1 1.43 1.35 .197 24.7
2 1.44 1.36 .193 25.5

, 3 1.46 1.39 .194 25.8

300 4 1.49 1.42 .204 25.9
5 1 1.51 1.44 .222 26.0
6 ! 1.52 1.45 .231 26.1
7 1.53 1.47 .246 26.1
8 1.55 1.48 .251 26.2

LIST SIZES Minimum* jhximum

Seconds 100 Emitters 300 Emitters
Run-Time (128,64) MPT=. 01 (32,256)

1 5,10 39,40
2 6,10 40,50
3 7,10 40,50
4 7,10 41,50
5 7,1i 42,50
6 7,11 42,50
7 7,11 42 9O
8 7,11 43,50
9 7,11
10 7,11
11 7,11
12 7,I1

*smallest maximum: Also see Table 6 for LIST sizes

&'h
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item from that module in the LIST because the time window has
advanced beyond the time slot of that module.

In order to determine the degree to which CAM processing
time degrades the performance of the signal sorter, a simulation
run with CAM-manager processing time (CPT) set to 05 was
evaluated, with the following other input parameters:

number of emitters = 300
maximum on-time separation/luu emitters = .05 seconds
simulation run-time = '.0 seconds

The results of this run were compared with a run in which all the
parameters excepZ CPT were identical. CAM processing time in the
comparison run was set at 1.0 microseconds, which is in the range
of current technology. See table 5 for the results from each
run.

The number of nomatches in the CAM dropped by a factor of
approximately 100 from 1464 to 15. The buffer to the
micro-processor array and the input buffer to the LIST were
reduced by a factor of 2. Such a dramatic reduction in nomatches
indicates that either a reductiop in CAM processing time or' a
change in loading time may significantly improve the performance
of the signal sorter.

Consequently. the same environment parameters were used in
another run with a CAM processing rate of 0.5 microseconds. This)• rate is also within the range of current technology. Table 5
also includes results for 100 emitters. The 50% reduction in CPT
produced an improvement in performance over the 1.0 microsecond
processing time by a factor of 6 and 7 for 100 and 300 emitters.
respecti vely.

Since larger AP processing time, in some cases, results in
late loading of the CAM, the effect of loading a data item into
the CAM in advance of the NTOA also requires evaluation. This
will be discussed in section 0.4.

As long as the size of any bin in the LIST remzins smaller
than the size of the CAM, there is no possibility of an emitteys'
parameters being overwritten before the signal is matched in the
CAM. This does not, however, alleviate the problem of late
loading or no loading of an emitter before the NTOA of the
emitters signal. (Loading the CAM has a lower priority than
processing the incoming data; therefore, loading is performed
between arrivals.) The problem of late loading or no loading has
a greeter effect on the elmiitteps with small PRI. A modified CAM
structure which treats these small PRI emitters differently from
other emitters was analyzed and is presented below. A small
section of the CAM was aside for emitters with small PRIs to
determine the effect on performance. A permanent copy of the
emitter was kept in the CAM to avoid the delay of updating and
reloading the emitter. This would result in a miss if it is
larger than the PRI of the emitter. The reserved section of the
CAM has a copy of those emitters with PRI less than a specified
minimum. These registers will not be overwritten but will hold
the WUA and frequency of the arrivals with the smallest PRi on a
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Table 5. CAM Processing Time (CPT)
in Microseconds

Mo. Emitters Advance Load, I Number of Nomatches
(LIST Config) Time (ALT) CPT=.05I CPT=0.5 CPT=1.0

"0 -- . 6 36
100 4 micro- -- 7 16
100 8 secs -= 10 10
(32,256) 16 -- 31 27

0 15 ....
0 micro- -- 204 1464

300 4 secs -- 46 437
(128,64) 8 -- 48 118

16 -- 92 --

32 -- 206 --

The following input parameters were constant in all cases:

max separation between uri-times/100 emitters .05 seconds
associative pro,7sAing time in microseconds 1.0
array-processing time per microinstriction 0.1 microseconds
number of CAM registers 24
run time 1.0 seconds

Iia



first-arrival basis. When this section is full. ell other
emitters will be loaded into the remainder of the CAM and updated
in the standard manner.

From one to four words of the 24 CAM registers were reserved
for emitters with a PRI of 8UU microseconds and less. For the
particular environment run, there were nine emitters with PRI
less than 100U, five with PRI less than 800. For a maximum PRI
of 800 microseconds. settinq aside three CAM registers resulted
in the best performance over that of the no-reserve CAM. This is
a better performance than the reserve of 5 registers. which takes
care of all emitters with PRI less than 800. For results of
these runs. see table 6.

For all the test runs with the reserve-CAM, the environment
"was the same. Consequently, the only performance measure that
changed was the number of nomatches. All other output parameters
remained the same. Table 7 contains the order of arrival and the
I'Rls of emitters with PRI less than 1000.

A one-word reserve with minimum PRI of 800 [PRI=642)
resulted in one less nomatch than the one-word reserve with
minimum PRI of 6UU [PRI=5uu). While the opposite is expected:
that the emitter with the smallest PRI would produce the better
performance. the difference is very slight. Also, for nine
reserved words and a minimum PRI of 1UUU, the performance for . 2
second run is the same as that for no reserved words.

"-.9 It appears that performance with a reserved CAM section not
only depends on the number of small PRI emitters in the
environment but also on the combination of signals that are seen
at any one time. Over the long run, a small reserved-CAM section
may improve performance: provided that the maximum size oa any
bin in the LIST does not exceed the number of CAM registers,
excluding the number of reserve-CAM words. A reserved section of
the CAM will increase the amount of time required for updating
the CAM since it will be necessary to do this for two sections of
the CAM: the reserved section must be checked to be sure all
emitters are still in the environment and if the DOA or frequency
has drifted. The small and uncertain gains in performance do not
warrant a change at this time when other improvements may produce
larger gains.

D.4. Advance Load Time (ALT)

The Associative-processor input buffer holds data items that
are passed to the CAM froim the receiver. The maximum number of
emitters in this buffer at any one time can _ct as an indicatlor
of the maximum amount of time a CAM load may be delayed: the
product of the size and the CPT. This figure does not take into
account other factors such as fetch time for a new data item from
the buffer, but it can act as a barometer for determining which
range of value for advance load time (ALT) will result in optimum
perform.rnce.

For a 1.0 second simulation run with 100 emitters, the
maximum AP buffer size was 3. This environment was run, varying
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Table 6. Reserved CAM

lbRun-Time # CAW Words Minimxun Nmber of
Seconds Reserved PRI Nomatches

0.2 0 --- 7

0.2 1 800 5

0.2 2 800 3

0.2 3 800 3

0.2 4 800 3

0.2 5 800 3

0.2 9 1000 7

1.0 0 --- 36

1.0 1 800 33

1.0 2 800 32

1.0 3 800 26

1.0 4 800 27

1.0 5 800 28

1.0 1 600 34

Table 7. PRIs for Emitters with PRI< 1000
by Order of Arrival

Order of Arrival PRI

I 642
2 920
3 922
'4 (59
5 728
6 922
7 618
8 500
9 943

Input parameters for data In tables 6 and 7

100 em! tters
.05 separation between on-times/100 emitters In seconds
1.0 Associative Processing Time in microseconds
0.1 array-processing time in microseconds/microinstruction
".0 CAM processing time in microseconds
24 CAM registers



the ALT of an item into the CAM by 4, 8, and 16 microseconds, The
best performance was for an ALT of 8 microseconds. However.
reducing the CPT with no advance load gave sliqhtly better
results. Of course, the probability of overwriting data in the
CAM is increased with the ALT factor, which may explain the
slight decrease in performance. An ALT of 8 microseconds
produced the same results with CPT both 1.0 and 0.5 microseconds.
"Reducing the CPT to 0.5 with an ALT of 4 microseconds brought the
nomatch count to within 1 unit of the configuration with no
advance load. The. results are shown in table 5.

For 300 emitters, the combination of ALT and U.5 CPT
produced the best results. The maximum AP buffer wds 4. With
CPT set at 0.5, an ALT of 4 produces a slight improvement (4%)
over an ALT of 8. The smaller ALT may overcome the effect of the
CPT delay without causing much CAM overwrite. Because of the
larger number of emitters in the environment and clusterinrg of
signals at times, the probability of overwrite increases.

D.5. Variable Environments

Simulation runs with the same number of emitters in the
environment generate emitters with the same environmental
characteristics. The random values generated will be the same
for any run. What will be different will be the parameters to
which the values are assigned. Since each emitter has the same
number of parameters associated with it, if the number of
emitters in the environment remains the same, each emitter will
be reassigned the same value it had in a previous run. Varying
separation vime will result in a different on-time for each
emitter but the same value of DOA. frequency and PRI associated
with the emitter in a previous run will be assigned in a new run
except the lOAs will differ by a constant. However, varying the
number of emitters in an environment by even a small factor
changes the environment generated because the random numbers will
remain in the same sequence but the parameter to which each
number is assigned will be different by an offset relatec to the
difference in the number of emitters in one environment over
another. As a result, a value (between zero and one) used to
calculate the PRI of an emitter for a IUU-emitter environment may
now be used in a calculation for frequency in a 300 emitter
environment. Varying the number of emitters by even a small
amount will result in a different environment. This property of
the simulation program could be used to generate different
environments by simply varying the number of emitters even by
one. This will not consititute too much change in the overall
sBtem workload but will change the individual parameters of the
emitters in the environment.

As an example, a run was made with all other input
parameters equal and with number of emitters at 100 and at 102.
There was a difference in the environment generated and a slight
differeoice in the performance of the system. For the 100-emitter

., •_environment, the minimum frequency for an emitter was 5 with a
corresponding PRI of 7565. while for the 102-emitter environment.
the minimum frequency was 6 with a corresponding PRI of 6025.
Minimum PRI for both runs was 500 with a corresponding frequency

- 19-



of 3017 for 100-emitters ano 2844 for 102-emitters. A table of
the environment generated for both these runs is in appendix F.4.
and includes DOA, frequency and PRI. The tables are scited by
ascending PRI and also by ascending frequency.

The 1W0-emitter environment outperformed the 102-emitter
environment slightly, with nomatch/match rate being U.099% to
0.112%. Of course, for the 102-emitter environrnnt, the number
of external arrivals to the signal sorter is greater for the same
amount of processing time since the separation time remained
constant. This, of course. increases the workload on the system
slightly, as can be seen in the difference in the number of
external arrivals to the system. For 100, it is 36853, and 36940
for 102: a difference of 87 signals within one second. These
results indicate that the performance of the system does not vary
much with variations in the individual parameters of the

d emitters.

0.6. Long-Run Analysis

Simulation runs were made for 130 and 300 emitters to
determine the performance of the system over longer periods of
time: particularly with regard to LIST sizes, buffer sizes and
rate of nomatches over the length of the run. For all runs.
unless otherwise noted, the following parameters were used as
inputs:

"V Maximum on-time separation/lU) emitters .05 seconds

AP time in microseconds 1.
Array-processing time/microinstruction

in microseconds 0.1 (MPT)
CAM-manager processing time in microseconds I. (CPT)
Number of CAM registers 24

Maximum on-time separation is the amount of time before the the
total number of emitters in the environment are turned on. A
hundred emitters are turned on in the first period. If the the
number of emitters in the environment exceeds 100. the next 100
emitters will be turned on in the next period. Thus, for 300
emitters with separation=.05. 100 emitters will be turned on the
first . 05 microseconds, the second 100 emitters will be turned
on between . 05 and 0.1 microseconds and the third 100 emitters
will be turned on between 0.1 and 0.15 microseconds. The standard
LIST configuration for 1U0 emitters will be the dynamic case with
an initial number-of-modules/time-window-offset of (32,256). For
3(00 emitters, the environment will be run as the static case with
a LIST configuration of (128,64). These values were chosen since
they produced a LIST size that did not exceed the size of the
CAM. This was necessary since the current configuration routine
was not optimized for an environmeut in which the number of
emitters was larger than 100. An upper bound of 64 on the
maximum number of moouies in the LIST was self-imposed.
Simulation results have shown that the optimum number of modules) • in the LIST is below this maximum for 100 emitters. This is not
true for 300 emitters.

The (128,64) configuration for 300 emitters still satisfies
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the restrictions on the (M.N) pair as discussed in section 0.2 o
LIST Reconfiguration. The current (128.64) configuration is
approximately equal to the case in which the LIST would
dynamically reach that configuration: the difference beinq the
overhead required for the system to adjust to each new emittr as
:t enters the environment in order to reach th (128,64)
configuration. This would happen if the restriction on the
number of LIST bins in the current configuration routine are
removed and if, in addition to configuring baseA on the maximum
and minimum PRI. the size of the LIST bins is also considered.
Configuration Dased on PRI distributes the emitters over the
number of bins in the LIST while the check on the LIST bin sizes
produces a compatibility in CAM size and LIST bin size: i.e.,
that LIST bin size does not exceed te number of CA14 registers.

Six configurations were run with time restrictions based on
overflow in main memory. For 300 emitters, time was limited to
eight seconds, and for 100 emitters, time was limited to 12
secends. The six configurations chosen for the longer runs were
those that produced the oest results in prior analyses. Details
for each are as follows:

300 emitters - standard
- MPT= 0.01
- CPT= 0.5

100 emitters - standard
- MPT= 0.01

-)- CPT= 0,5

D.6.a. ENVIRONMENT MODEL: SPECIAL PROBLEMS

The environment model used in this simulation presented a
special problem for nonstationary environments -- environments in
which the signal scrte" and/or emitters were mobile. Because of
a gremlin, as yet undiscovered, in the routine that updates
environment parameters. there is a DOA drift biased toward the
first antenna in bin-3. As result, the third bin of the main
memory module for storing the parameters .of emitters with a .OA
of three fills up more quickly than others and results in an
error message "MPPR FILE FULL" and system halt after a relatively
short run time (8 seconds simulation time for 300 emitters, 20
for luu). To determine the degree to which this problem due to
the mobility of the environment, 300 emitters were run as a
stationary environment; tnis is not a practical case - it can
never happen on an airborne platform.

When a 300-emitter environment was run with the same input
parameters as the one mentioned but with a stationary platform
and no moving emitters, this overflow of the array-processor did
not occur. Of course, since there were no moving emitters. there
were no DOA changes as a result of movement from one OOA cell to
another. There is a DOA drift that is a result of a frequency
drift and can be traced to a problem cited earlier, that of two

• ' emitters having frequency and DOA both within +1 of each other.
"This resulted in the emitter being moved out of DOA cell 48 and
updating the. emitter in cell 47. the adjacent cell that matched
its parameters. This same emitter may account for the other
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DOA/frequency drifts that occur after 10 seconds of simulation
run-time. This configuration was run for 20 seconds with no
overflow.

"Of course, this environment of 300 emitters is different
from the standard environment (i.e., a 3U0-emitter environment
with moving emitters and platform). The difference is a result
of the number of calculations using the random number generator,
as discussed in section D.5. In this case, the sequence of
random numbers will be offset by the number of calculations
required to produce the initial values and updates for moving
emitters. This environment will be different; in addition,
performance could also be slightly affected.

Compared to the active run (moving emitters and platform)
nomatch/match percentages and the rate of nomatches is better on
the order of approximately 200 and 300 percent. respectively. The
rate of both measures, however, continues to increase over time.
The results of this run are in appendix F.5. See table 8 for
percentage of nomatch/match and rate of nomatches.

In order to increase run-time without a file overflow. the
the maximum size of a bin in the main memory f-*le was increased
from Z4 to 48. This, consequently. increasel the maximum delay
through the svtem of a data word (MAX in the statistical
package). A larger memory must be searched for each nomatch.
Hence, delay could not be used as a performance measure.

The effect on nomatch cotint cannot be predicted. However,
the probability of nomatches due to environment characteristics
increases, as discussed in section 0.1. One simulation run of
300 emitters halted after a run of 14 seconds with 304 emitters
in the main memory file. Each main memory cell had been
increased to a maximum of 48.

The large number of emitters in the same L)Vx cell increases
the search time in that module. In order to counteract any
effect this might have on the data collected, data from runs
longer than one second simulation timc will not include data
generated after the size of bin three exceeds the maximum in
other bins by a factor of two (2).

For 100 emitters. the maximum run-time will be approximately
twelve seconds and a maximum of approximately six seconds for 300
emitters. These run times were determined empirically.

D.6.b. LIST SIZES

Outputs of the statistical package which are useful in
evaluating the effectiveness of the Associative-processing stage
of the signal sorting process are the maximum LIST sizes at any
one point in time and the actual LIST size at that point. The
maximum LIST size is taken as the largest number of emitters inS• any one bin of the LIST. The value will not be the same in all

bins; but over time, the other bins will reach this maximum as a
new NTOA is generated for each emitter in the LIST. Assuming
this value is the maximum number of emitters that need to be
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Table 8. 300 Emitters - Stationary Run Performance

Runtime in Seconds Percentage of Nomatch/Match Rate of Nomatch/Second
1 .59 566
2 .60 648
3 .60 628
4 .60 624
5 .61 686
6 .62 67-
7 .62 680
8 .62 658
9 .63 700

10 .65 710
11 .63 687
12 .63 677
13 .64 722
14 .64 665
15 .64 689
16 .64 687
17 .65 847
18 .66 840
19 .66 839
20 .67 843

No moving emitters, stationary platform
Other input parameters:

.05 Separation Time
- .1.0 Assoc Proc Time

0.1 Mpp Proc Time/Microinstr
0.5 Cam Proc Time
24 Cam Registers

128,64 LIST Cotifig



loaded into the CAM during any one time slot, if this number is
larger than the CAM size. nomatches will result from not being
able to load all the data items into the CAM in time for a match.

For the environment with 310 emitters, the maximum value in
any bin of the LIST was 22, which is slightly less than the
number of CAM registers (24). This Deak was reached at one
second and did not increase over the eight second simulation
run. However, the maximum in all bins did increse as emitters
moved into different time slots for their NTOA. as was expected.
The smallest was 12 and increased to 14 by eight seconds. See
table 9 for LIST sizes for these runs: minimum and maximum
values. For 100 emitters . the maximum reaches 22 at 3 seconds of
simulation run-time and remains at that value until 12 seconds.
when it increases to 23. This increase may be attributed to
clustering of signals at that point. Only one bin in the LIST was
incremented. Judging from the length of time the maximum
remained at ZZ, maximum '_" size should remain stable over time
for a constant environment. It should also be kept i- mind that
this is the maximum value reached,in,a particular bin for the
length of the run and does not reflect the average size of a bin
for the length of a run.

D.6.c. BUFFER SIZES

The statistical package includes output for the maximum size
ef:2i)

1. the input buffer to the CAM (data from receiver)
2. the input buffer to the array-processors (MPPB)
3. the input buffer to the LIST (MLCAMB)

For all six runs, the maximum sizes of these buffers do not
increase significantly over the length of the run, as shown in
table 10. Increases in any buffer size are directly proportional
to a large increase in the rate of nomatches at that point in
time (table 11). For example, for emitters with CPT set at 0.5.
the increase in MPPB and MLCA148 at five seconas is reflective of

the increase in the rate of nomatches at five seconds. The data
stream going into the array-processor's input buffer and the data
stream out of the array-procesors into the LIST is determined by
the effectiveness of the CAN match process.

For lUU emitters, the increase in the CAM-buffer at ten
seconds may be indicative of an increase in the number of signals
coming from the receiver due to a clustering of emitters with
very close WTOAs. As a result, there is a significant increase
in the rate of nomatches at that time from approximately 50 to 90
for the dynamic cases.

Ine fairly constant size of these buffers indicates that the
speeds of the CAM-match, array-processor update, and LIST loading
are sufficient to keep up with the data rate of the environment.

. Decreasing the CPT hdd no effect on the CAM input buffer; hence.
CPT at 1. microsecond is adequate to handle the data rate. The
reduction apparently was only necessary for adequate time to load
the CAM from the LIST. Decreasing MPT resulted in a reduction in
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Table 9. LIST Sizes: Minimum* Maximum

i No. Emitters Run-Time Standard I MPT=.O1 CPT=O.5
(LIST Config.) Seconds S

1 15,21 15,20
115202 16,21 16,21 16,21

3 17, 22 17P22 I 17,22
4 I,I, I t. I "

1 )6 18,22 18,22 18,22
(32,256) 1 tI

7I 
It8I 8i 9!

I : 12 -_! 18,23 18,23 18.23
301 12,22 12,22 12,22

; 2 __13,22 1822 38,22 13,22
i 300 3 I 422 14,22 14,22

4
(128,64) 5"S6 II, II,

S7 . "I I" * I
• .• •! 8 II, II , II,

• jfljnimumf represents smallest maximumn
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"Table 10. BUMF?3R SIZES: CANI/MPPB/MLCAMB

Number of , -'f - CPR'=0.5 0
Emitters 1 Seconds _ _Standard M__=. 01 _

1 3, 3, 2 3, 1, 1 3, 4, 32 it 3,p It 2 it

32256 4 3, 3, 3
6i it

7 *t t* tt

7 i
8 it it it

10 4, 3, 3 4, i, 2 4, 4, 3
11 It I, i

12 ""

1 4, 6, 7 4, 2,3 4, 3, 4
2 it 5, 2p 3 S, 3, 4

300 4 it I

(128,64) 5 I " 5, 5, 6

6 it it It

7 " 5, 7, 8 "
S8

8 ,-i



Tab I e 11. RATE OF OIIATC-IES R:R SECOND

Number of: Run-Time Standard RS.E01,
Bni~tters 2Seconds _______I____________1 534 35 6

-* 43 42 10

54 52 194 59 59 12

100 S 40 39 11(32,256> 6 35 34 I17 42 41 3

8 30 29 10
9 48 48 19
10 90 88 41
112 55 54 16

1 1666 1568 230
2 1620 1533 216

300 3 1682 1610 222
(128,64) 4 1768 1699 265

S 1758 1685 329
"6 1770 1687 312

7 1801 1750 380
8 1822 1759 326

--.



the input buffer, as was expected, since the processing time for
each data item was teducea by a factor of ten (table 10). This
did not result in a significant, reduction in the rate of
nomatches over the stdndard p ocessing time. The 0.1 microsecondprocessing time is apparently sufficient for the twoenvi ronments.

D.6.d. Rate of Nomatches

The rate of nomatches per second can act as a barometer for
determining if a steady state of the system for a particular
environment has been reached; i.e., there is no steady increase
in this rate. For'the 100 emitter environment, the nomatch-rate
fluctuates over the length of the run, but it does not appear to
be increasing. There is a dramatic jump in the nomatch-rate at

'p! 10 seconds, which may be a result of a clustering of signals at
that point or an anomaly in the environment generator. However,
all other values remain within a constant range for the duration
of the run; i.e.. a steady state has been reached. For 300
emitters with CGPT=0.5, the nomatch-rate seems to be stabilizing
at approximately 5 seconds of run-time. For the two other cases,
the rate is increasing. It will require lonqer run-times in all
three cases to determine if a steady state has been reached,
This was not possible with the run-time restrictions (see section
D .6 .a. ).

) D .The parameter that produced the most significant improvement

in the rate of nomatches was the reduction in CPT, as was
discussed in section D.3. This was t rue for both environments.
This aid result in an increase in the "nput buffer to the array
processors but this could be remedied by also in,-reasing the
array-processor speed. It is found that increasing the
array-processor speed will not significantly dec.-ease the rate of
nomatches, but it will decrease the size of the buffer since data
item!, are being processed more quickly.

E. Conclusions

Since the primary purpose of the research discussed in this
report was to study the applicability of dynamic tuning to a
particular signal sorting system, the emphasis of the work done
has been on the Associative Processing stage of the signal sorteri design. The Array Processors also come into play since all newdata and all unmatched data are passed to this stage. The

parameter which produces the best improvement in performance is
reduction of the CAM processing time, which is the z.mount of time
required to mztch a received signal to a data item in the CAM.
This operation takes precedence over loading the CAM with new
data or updated d3tc; consequently, data may not get loaded into
the CAM in time for a match on the incoming signal. Making the
CAM processing time as small as current technology will allow,
will decrease the amount of time that signals are missed only
hecause there was no time during the gpa between CAM searches.
I In fact, of all parameters tested, CAM Processing has the
greatt-st effect on the system, as was seen by reducing this speed
to . 05 microseconds, which )s not in the range of current
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technology. However, reducing the speed from 0.1 microseconds to
0.5 microseconds resulted in an improvement of performance by at
least a factor of six (6) as measured by the match/bomatch rate.
So the greatest handicap to the system is getting data loaded
into the CAM in time for the NTOA of a signal.

Some consideration was given to loading data items into the
CAM in advance of the NTO)A by some constant time velue in an
effort to offsct late loading or no loading of the CAM due to CAM
search time. The resitlts. in section D.4. appeared to be too
dependent on the environment to produce consistent results over
the long run. Also. better results were obtained by reducing the
CAM processing time.

Another aspect of the Associative Processing stage is the
reconfiguration of the LIST based on the environment only in
terms of PRI. Since the optimal table for reconfiguration was
based on a 100 emitters environment, dynamic configuration for a
more dense environment does not produce a satisfactory
performance level when the number of expected arrivals in any one
bin of the LIST exceeds the size of the CAM. Of course, this
would only require a minor change and would take a slighlty
longer time for reconfiguration due to the amount of time to
check the size of the LIST bins. It would require an increase in
the maximum number of bins required from 64 (26) to 128 (27).
The maximum number of bins in the current configuration tables is
64.

With regard to FIFO and RAM implementation of the LIST,
shortly after the investigation of the FIFO-RAM (section C.1.b).
Signetics announced the development of a controller chip which
converts RAM to FIFO buffer memory. A single controller chip can
handle up to 4096 buffer words. Word width is defined by tle
user. Consequently. FIFO depth could be 64. 256. 1024 or 4096.

The Array Processors handle data not matched in the CAM by
doing a between limits search on the DOA and frequencies of
emitters in its file. This presents a problems only when two
emitters in adjacent DOA bins have frequencies within +one of
each other because the emitter may be matched on the wrong
signal, in which case it will be updated based on the wrong PRI.
Unfortunately, there is no simple c.lution to this this problem.
The main memory file can be seached for other signals that
satisfy the match. If there is more than one. the signal should
not be updated but held until another unmatched signal with the
same parameters is received. Then the signal can be matched to
the main memory file based on DOA, frequency and PRI. The
frequency and the probability of these nomatches may not warrant
the extra time required for the memory search and the extra
hardware required for the match.

Exotic emitters such as frequency hoppers will greatly
degrade the system configuration presented here unless there is
some algorithm for detecting these signals. Otherwise. each

j ..:-Z• signal will appear to be a new signal and get loaded into main
memory each time the signal appears. This will result in filling
up a main memory module and prevent loading of other signals,
resulting in nomatches and perhaps system halt. This will also
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"result in reduced efficiency in processing other emitters that
are in that module. In the case where the main memory file is
allowed to wraparound, tne environment PRIs may not be adequately
detected and this will affect LIST configuration.

Overall, the particular signal sorter design studied here
exhibits a steady performance for a 100 emitter environment. For
3UU emitters, longer runs art required to determine if a steady
state has beest reached. With the changes discussed above, the
performance of the system can be improved, particularly with a
reduction in CAM Processing time. Further study can be done on
the performance of tne array-processors and on performance of
denser environments over longer runs.

..7)
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APPENDICES

Appendix F.1. Minimum and Maximum Values for Emitter Parameters

Each emitter is identified by the following parameters
which are stored in a parameter array, one for each emitter.
See Figure 1 in section B.1 for the order in which these
parameters are stored. This table includes the maximum and
minimum values for each parameter.

EMITTER PARAMETER MINIMUM MAXIMUM

X Displacement of Emitter 2000 m 22000 m
and Signal Sorter

Y Displacement of Emitter -22000 m 22C00 m
and Signal Sorter

Z Displacement of Emitter 0 m 1000 m
and Signal Sorter

Emitter Power (includes 30 db 80 db
antenna gain)

Mainlobe Size .09 .32
Sidelobe Loss 15 db 30 db
Initial Antenna Angle 0 ---
Antenna Angle -1.5 radians 1.5 radians
Scan Rate .5 Hz 2 Hz
PRI 500 microscs 7900 microscs
Pulse Width 1 mi roscs 4 microscs
Frequency 2*101 Hz 12*109 Hz
On Time 0 secs max. seg. time
Off Time --- Runtime
TOA of pulse at Antenna On Time
DOA of pulse at Antenna 360 ---
X Velocity of Signal Sorter -300 m/sec 300 m/sec
Y Velocity of Signal Sorter -300 m/sec 300 m/sec
Z Velocity of Signal Sorter 0

indicates that the value is not applicable to the parameter.
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F.2. Statistical Pack,-,e

For the purpove of comvarinq simulation runs and to
determine the state uf the system for particular runs. pertinent
data is output by the STATS subroutine at specified intervals.
Subroutines with the Q-prefx are used to output data concerning
queue lengths of the various buffers and tables analyzing
averages for various parameters of the system. The information
from these routines can be used to determine the system workload
for any particular environment and run-time.

Queue analyses include histograms for maximum queue lenght
during the time interval data is collected, minimum and maximum
values of the queue and the length of time, maximum and minimum,
that these values were true. For all tables generated, the sum,
average. maximum, minimum and total frequency of the arguments
are calculated. For a sample of both a table and a histogram/
table from these routines, see tables 2.1 and Z.Z.

EXPLANATION OF OUTPUT VARIABLES - QTABLES:

TIMING GATE - period during which queue statistics are
collected

FIRST ARRIVAL - time of arrival of first emitter on which data
is collected

LAST ARRIVAL - time of arrival of last emitter on which data
is collected

SUM OF ARG'S - total of all datd collected for a particular
parameter, e.g. PRIs

AV'G OF ARG'S - SUM OF ARG'S/TOTAL FREQUENCY
TOTAL FREQ - number of times a parameter is observed
MINIMUM ARG - smallest parameter observed
MAXIMUM ARG - largest parameter observed
UPPER LIMIT - for other than the upper boundary. this value

is the range less than the pre'"- 4 value and
less than or equal to the cur" • 'lue; the
upper boundary also includes :`~ *.hat is
greater than the current value

UIgSV FREQ - the number of times the parameter was in the
range of the UPPER LIMIT

SUF TuTAL - percentage of TOTAL FREQ that the parameter
was in ta fF range of the current UPPER LIMIT

CUM4. w- percentae of TOTAL FREQ that parameters are
in rangte of the current UPPER LIMIT and less

DELTA-T - minImum and maximum amount of time that the
queue remained a constant size

DELTA-T: MINIMUM - the shortest time interval for the queue
length specified by Q-LEN

DELTA-T: MAXIMUM - the longest time interval for the queue length
specified by Q-LEN

DELTA-T: TIME - time at which the queue remained at size Q-LEN
for the specified DELTA-T

Q-LENGTH - minimum and maximum size of the queue
Q-LEN: DELTA-T - the period of time during which the queue

remained at the specified sizeK: Q-LEN: TIME - time at which the queue reached the specified
size

F. 2.
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See table ?.3 for a sample listing from the STATS
subroutine. Output includes the maximum number of emitters in
each bine of main memory, in addition to the current size;
mdximum number of emnitters that were in any bin of the LIST at
one time. and current LIST sizes; and the total and average
contents cf the LIST for each printing. The total number of
emitters in the main memory file should be equal to the number of
emitters in the environment, unless an emitter changes DOA or
frequency outside the expected range. In that case, the emitter
would appear as a new emitter, and would be entered in the file
as such.

EXPLANATION OF OT0TUT VARIABLES - STATS:

NMCHT - number of nomatches in the CAM not due to BOA or
frequency drift: strict nomatches

MCNT - number of emitters matched in the CAM
MAX - maximum delay through the system of a data word
CAMB - maximum size of the input buffer to the associative-

processor (output from receiver for CAM match/nomatch)
MPPB - maximum size of the input buffer to the micropro-

cessor-array inpui buffer-
MTIME - time at which MAXimum del)3y occurred
HCWL - number of wnrds loaded into the CAM
MLCAMBUF - maximum size of the output buffer from tie H-A
IOOAD - nomatches due to BOA drifts within +-I
ICFU - nomatches due to frequency drifts within.+-1
NEA - number of external arrivals: data passeu to the CAM

from the receiver system
/ NIA - number of internal arrivals: data passed to the M-A

due to nomatch in the CAM, includes new emitters, DOA
and frequency drifts (all nomatches)

IfK.T2 - number of upoates in the file for drifting parameters
INLT3 - number of updates in the file with no drift

i7
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Table F.2.1. Statistical Package Output

S-hBLE 4 AVERAGE PRI OF I00 EMITTERS

. . TIMING GATE ...... FIRST LAST
Oh OFF ARRIVAL ARRIVAL

0.00OOOE+00 O.11UOUE+uu u.IuUUUE-u4 U.1UUUE-UZ

sUM UF AVERAGE OF TOTAL MINIMUN MAXIMUM
ARGUMENTS ARGUMENTS FREV ARGUMENT ARGUMENT

0.42279E+O0 0.42279E-UZ luU U.boUUUE-U3 U.790OUE-U2

SUPPER LIMIT OBSV. FREQ 01 e'TAL CUM. %
O.OUUUU U &.u 0 UAUO
O.00020 0 U.00 0.00
0.00040 0 0.00 O.U0
0.00060 1 1.O 1.00
0.00080 4 4.00 5.00
0.00100 3 3.00 8.00
0.00120 1 1.00 9.00
0.00140 5 5.00 14.00
0.00160 2 2.00 16.00
0.00180 2 2.00 18.00
0.00200 0 0.00 18.00
0.00220 2 2.00 20.00
0.00240 3 3.0 23.00
0.00260 4 4.00 27.00
0.00280 2 2.00 29.00
0.00300 z 2.00 31.00
0.0U32) 2 2.00 33.00
U.00340 3 3.00 36.00
0.00360 2' 2.00 38.00
0.00380 5 5.00 43.00
U.0U4UU 2 2.0u 45.00
U.00420 0 0.00 45.00
0.00440 3 3.00 48.00
U.U0460 3 3.u0 51.uu
U.UU48U 3 3.00 54.00
0.00500 4 4.00 58.U0
U.00520 b 5.00 63.00
U.00540 5 5.00 68.00
0.00560 2 2.00 70.00
0.0u580 7 7.00 77.00
0.00600 1 1.00 78.00
0.00620 3 3.00 81.00
0.00640 2 2.00 83.00
0.00660 3 3.00 86.00
0.00680 2 2.00 88.00
0.00700 3 3.00 91.00
0.00720 0 0.00 9i.00
0.00740 3 3.00 94.00
0.00760 3 3.00 97.00) 0.00780 0 0.00 97.00
0.00800 3 3.00 100.00

REMAINING FREQUENCIES ALL ZERO



Table F.2.2. Statistical Package Output

TABLE 2 MICROPROCESSORS BUFFER (LMISIZ)

---- TIMING GATE FIR-T LAST TOTAL
ON OFF ARRIVAL ARRIVAL TIME

U.UUUOUE+OO 0.11000E+01 O.OUOOOE+OO O.99992E+UU 0.99992E+O0

-- -------- DEITA-T ------------ ------------ DELTA-T-----------
MINIMUM Q-LEN TIME MAXIMUM Q-LEN TINE

O.UUOOUE+O0 0 O.OO0O0E+OO 0.58047E-01 1 0.21919E+OO

---------- Q-LENGTH ------------ ----------- Q-LENGTH-----------
MIN DELTA-T TIME MAX DELTA-T TIME

0 O.OOO0OE+0O O.OOOOOE+O0 4 0.52201E-04 0.19813E-01

SUM OF AVERAGE OF TOTAL
LE,.GTH*TIME LENGTH*TIME FREQ
O.O0021E+01 0.10022E+01 2022

UPPER LIMIT OBSV. FREQ % OF TOTAL CUM. %
U 947 46.83 46.83

0I UUU 49.4b 96.29
2 62 3.07 99.36
3 11 0.54 99.90
4 2 0.IU 100.00

REMAINING FREQUENCIES ALL ZERO

MAXIMUM Q-LENGTH DURING TIME INTERVAL
O.OOOOOE+O0 0
0.50000E-01 * 4
O.10000E+O0 2
O.15000E+O0 ****** 1
0.20000E+O0 ****** I
0.25000E+00 ****** 1
0.30000E+O0 ******I
0.35000E+00 1
O.40OOE+OO ****** 1
0.45000E+00 ****** 1
0.50000E+O0 * 1
0.55000E+00 *4**** 1
0.60000E+OU ****** 1
u.b60U0E+O ****** 1
O.70000E+00 ****** 1
0.75000E+0U ************* 2
U.dUUUUE+UU I 1
0.85UOOE+00 2******* 2

..90000E+00 2********** 2
A.95000E+O0 2*****ww*** 2
0.10000E+O0 1 *W*** 1

REMAINING FREQUENCIES ALL ZERO

F. 2. ,



Table F.2.3. Statistical Package Output

APRI= 0.42279E-02

TIME = 1.0U SEC. (PRINT iNCR= 1.000)

NtICNT= 6 MCNT= 36482 'MAX= 364 CAMB= 3 MPPB= 4
MTIME= U.0OZ068 NCWL= 3bb39 MLCAMiIUF= 3 IUOAU= 49
ICFD= 0 NEA= 36853 NIA= 370 INLTi= 0 INLTZ= 51 INLT3= 104u z 3 1 z 3 2 2 1 3 3 5 3 5 2 1

3 3 2 2 2 4 2 2 3 1 0 2 2 1 1 2
3 2 1 5 2 1 1 3 4 2 1 U U 0' 3 4
4 3 2 2 4 1 0 4 2 0 1 0 0 0 0 0

MAIN MEMORY SILES:
U U 3 1 2 2 1 2 0 3 2 3 3 4 2 0
3 2 2 1 2 4 2 2 1 0 Z 2 1 1 13 2 0 4 2 0 1 2 4 1 1 0 0 0 1 3
4 3 1 2 4 1 0 3 2 U I U 0 U 0 0

TOTAL EMITERS IN MPPR=100
17 16 17 16 17 17 17 18 17 18 16 17 20 15 16 17
15 16 17 20 17 21 16 17 18 16 17 18 16 18 17 18

LIST SIZES:
0078676356752344
5 3 2 2 3 3 1 1 0 3 0 0 0 1 0 0

O TAL CONTENTS= 97 AVERAGE CONTENTS= 3.03



APPENDIX F.3. Emitter Environment - 300 Emitters

A The following table contains the DOA. frequency and PRI values

frequency. The environment contains no exotic emitters. These
are the vaiues fur all 300 emitters immediately after all
emitters have been turned on.

mod # - module in main memory which corresponds

item to the DOA of an emitter.
item# - order of the item in the main memory

module. For instance, if mod # is 14
and item# is 6, the emitter was the
sixth emitter to be entered into that
module.

freq - frequency of the emitter in HzV pri - pulse repetition interval of the
emitter in microseconds

mod # 35 item# 2 freq 5 pri 6025
mod # 55 item# 4 freq 25 pri 5476
mod # 61 item# 1 freq 27 pri 4451
mod # 20 item# 7 freq 72 pri 7623
mod # 18 ilem# 4 freq 72 pri 2931
mod # 58 " am# 3 freq 78 pri 4317
mod # 41 itemn# 5 freq 90 pri 5546
mod # 9 item# 5 freq 147 pri 1065
mod # 21 item# 3 freq 158 pri 7900
mod # 5 item# I freq 166 pri 52b7
mod # 38 item# 2 freq 168 pri 4906
mod # 14 item# 6 freq 170 pri 6946
mod # 4 item# 4 freq 18Z pri 3406
mod # 56 item# 4 freq 207 pri 2434
mod # 46 item# 6 freq 209 pri 4393
mod # 14 item# 4 freq M2$ pri 7204
mod # 36 item# 5 freq 241 pri 54U6
mod 0 31 item# 2 freq 247 pri 5079
mod # 37 item# 1 freq 252 pri 2975
mod # 8 item# 1 freq 279 pri 6103
mod # 3 item# 1 freq 281 pri 7096
mod # 53 item# 4 freq 315 pri 7490
mod # 15 item# 2 freq 319 pri 1755
mod # 50 item# 2 freq 325 pri 5149
mod # 21 item# 4 freq 363 pri 1824
mod # 34 item# 2 freq 408 pri 5398
mod # 20 item# 2 freq 409 pri 7623
mod # 38 item# 3 freq 410 pri 2711
mod # 10 item# 12 freq 428 pri 1614
mod # 51 item# 2 freq 433 pri 5360
mod # 30 item# 3 freq 453 pri 5273
mod # 18 item# 11 freq 453 pri 6643
mod # 29 item# I freq 476 pri 3079
mod # 33 item# 6 freq 513 pri 559
mod # 17 item# I freq 516 pri 6300

mod # 58 item# I freq 533 pri 2321
mod # 10 item# 11 freq 536 pri 1126
mod # 55 item# 6 freq 544 pri 66b7

moo # 50 item# 4 freq 546 pri 2953



mod # 55 item# I freq 568 pri 737mod # 46 item# 3 freq 571 pri 3786mod # 49 item# 8 freq 572 pri 4472mod # 10 item# 7 frerl 602 pri 7393mod # 24 item# 4 freq 606 pri 6152
mod # 3 item# 5 freq 632 pri 3286moa # 19 item# 7 freq 634 pri 4459mod # 39 item# I freq 649 pri 2575mod # 37 item# 3 freq 650 pri 1412
00o0 # 3k item# 5 freq 652 pri 3640mod # 7 item# 1 freq 6b9 pri 3908mod # 49 item# 2 freq 671 pri 3498mod # 2J item# 4 fre. 678 pri 2999mod # 16 item# 3 freq 699 pri 6z17
moU # 35 item# 3 freq 705 pri 2205
mod # 3S item# 2 treq 732 pri 2394
mod # 31 item# I freq 736 pri 4070mod # 6 item# 3 freq 769 pri 1514mod # 17 item# 4 freq 777 pri 3588mod # 18 item# 2 freq 787 pri 2111mod # 14 item# 10 freq 795 pri 1F75mod # 45 item# 5 freq 808 pri 5096mod # 15 item# 1 freq 894 pri 1811mod # 18 item# 7 freq 900 pri 4957mod # 32 item# 3 freq 908 pri 1802mod # 60 item# 1 req 925 pri 6949mod # 16 item# 5 fieg 928 pri 2740mod # 16 item# 7 freq 947 pri 65/8mod # 18 item# 5 freq 953 pri 1151mod # 56 item# 2 freq 953 pri 715mid # 9 item# 2 freq 975 Dri 3514

mod # 17 itei'# 5 freq 984 pri 1689
mod # 16 item# 9 freq 987 pri 5170mod # 49 item# 5 freq 991 pri 2123
mod # 19 it-em# 4 freq 994 pri 7675
mod # 48 item# 1 freq 1003 pri 5952
mod # Zb item# 4 freq 1119 pri 3050mod # 6 item# 2 freq lu37 pri 5123
mod # 14 item# 2 freq 1045 pri 4839mod # 26 item# 2 freq 1u51 pri 5463
mod # 43 item# 4 freq 1066 pri 6924
mod # 4b item# 5 freq 1099 pri 616
mod # IU item# 1 freq 1122 pri 3357mod # 24 item# 1 freq 1147 pri 347U
mod # 11 item# 3 freq 1169 pri 5433
mod # 14 item# 5 freq 1177 pri 4324
mod # 54 item# 3 freq 1180 pri 5459mod # 6 item# 1 freq 1188 pri 2558
mod # 55 item# 5 freq 1198 pri 4915
mod # 10 item# 8 freq 1218 pri 5749mod # 25 item# 2 freq 1224 pri 6927
mod # 33 item# 1 freq 1232 pri 4941ood # 47 item# 1 freq 1238 pri 3922mod # 36 item# 7 freq 1248 pri 7525mi.)rod # 27 1ite i, # 2 frel 1255 pri 2927![mod ;5-2 item# 1 freql 1263 pri 7612
modJ # 57 item# 1 frec, 1270 pri 1741rood # 3 item# 3 freq 1270 pri 2473



mod # 23 I teml 2 freq 1284 pri 2931
meod #.t6 item# 3 freq 1Z7 pri 1170
mod v 27 item# 3 freq 12Z4 pri 1105
mod # ZZ item# 5 freq 13Z9 pri 54Ub

mod # 28 item# 2 freq 1333 pri 4070
moa # 17 item# 3 freq 1355 pri 4403
mod # 36 item# 4 freq !3b3 pri 3765
mod # 25 item# I fl-eq 1369 pri 3926
wko d # 49 item# 7 freq 1373 pri 2031
mod # 10 item# 4 freq 1379 pri 1493
mod # 31 item# 4 freq 1389 pri 2486
mod # 10 item# 9 freq 1411 pri 2492
mod # 52 item# 2 freq 1413 pri 1071
mod # 33 item# 3 freq 1415 pri 1282
mod # 16 item# I freq 1416 pri 7516
mod # 52 item# 6 freq 1422 pri 5715
mod # 29 item# 4 freq 1434 pri 4435
mod # 49 item# 9 freq 1435 pri 5511
mod # 13 item# 3 freq 1448 pri- 6652
mod # 33 item# 4 freq 1469 pri 5139
mod # 29 item# 3 freq 1486 pri 967
mod # 52 item4 3 'req 1500 pri 1344
mod # 45 item# 7 freq 1510 pri 3222
mod # 5U item# 5 freq 1554 pri 1905
mod # 32 item# 1 freq 1594 pri 2842
mod # 45 item# 6 freq 1605 prl 5753
mod # 31 item# 5 freq 1606 pri 3277
mod # 44 item# 4 freq 161U pri 5483
mud # 17 item# 2 freq 1612 pri 1292
mod # 53 item# 3 freq 1624 pri 6009
inc.'d # 57 item# 6 freq IbZ7 pri 4322
mod # 13 item# 5 freq 1636 pri 5574
mod # 44 item# 2 freq 1637 pri 3393
mod # 48 item# 3 freq 1648 pri 52b9
mod # 11 item# I freq 1652 pri 1269
mod # 43 item# I freq 1669 pri 7900
mod # 11 item# 2 freq 1682 pri 6975
mod # 54 item# 2 fre4 1685 pri 5105
mod # 43 item# 6 freq 1697 prl 7670
mod # 9 item# 7 freq 1703 pri 2867
mod # 25 item# 6 freq 1705 pri 7094
mod # 37 item# 4 freq 171Z pri 7634
mod # 18 item# 8 freq 1713 pri 5169
mod # 23 item# 3 freq 1718 pri 2089
mod # 36 item# 6 freq 1759 pri 2934
mod # 16 item# 8 freq 1759 pri 4035
mod # 18 item# 9 freq 1759 pri 7644
mod # 9 item# 8 freq 1784 pri 4316
mod # 21 item# 1 freq 1789 pri 3213
mod # 44 item# 5 freq 1798 pri 6629
mod # 57 item# 2 freq 1805 pri 6405
mod # 13 item# 4 freq 1809 pri 5825
mod # 44 item# 1 creq 1822 pri 2612
mod # 27 item# I freq 1839 pri 7171
mod # 24 item# Z freq 1649 pri 4955

-"i) mod # 51 iteml 5 freq 1862 pri 2734
mod # 45 item# 4 freq 1912 pri 3717
mod # 3 item# 4 freq 1923 pri 4754
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mod # Z item# I freq 1958 pri 1309
mod # 21 item# 5 freq 1962 pri 5185
mod # 4 item# 2 freq 1991 pri 6780

N, ,od # 19 item# 5 freq 1991 pri 7323
mod # 53 item# 2 freq 1994 pri 1929
mod # 28 item# 3 freq 2002 pri 6535
mod # 43 item# 2 freq 2033 pri 6092
mod # 54 item# 1 freq 2041 pri 1721
mod # 30 item# 2 freq 2056 pri 2850
mod # 52 item# 7 freq 2066 pri 823
mod # 26 item# I freq 2069 pri 2615
mod # 36 item# 8 freq 2076 pri 4970
mod # 57 item# 4 freq 2081 pri 5543
mod # 30 item# 5 freq 2087 pri 6633
mod # 50 item# 3 freq 2135 pri 6082
mod # 8 item# 4 freq 2138 pri 655b
mod # lb item# 2 freq 2145 pri 3431
mod # 56 ite-m# 3 freq 2157 pri 3659
mod # 19 item# 2 freq 2167 pri 7474
mod # 18 item# 6 freq Z179 pri 74b8
mod # 34 item# I freq 2181 pri r'269
mod # Z4 item# 5 freq 2182 pri 3704
mod # 8 item# 6 freq 2202 pri 983
mod # 23 item# 6 freq 2210 pri 3,.97
mod # Zb item# 5 freq 2221 pri 1222
mod # 50 item# I freq 2251 pri 6411
mod # lb item# 6 freq 2258 pri 2911
mod # 2Z item# 2 freq 2270 pri 5738
mod # 25 item# 7 freq 2284 pri 6622
mod # 58 item# 2 freq 2311 pri 2240
mod # 12 item# 2 freq 2316 pri 3768
mod # 41 item# 4 freq 2329 pri 7197
mod # 24 item# 3 freq 2365$ pri 5579
mod # 9 item# 3 freq 2377 pri 5330
mod # 16 item# 4 freq 2380 pri 7900
mod # 12 item# 4 freq 2393 pri 2905
mod # 38 item# 1 freq 2395 pri 3490
mod # 55 item# 2 freq 2419 pri 6666
mod # 19 item# 1 freq 2429 pri 5788

Smod # 2 item# 2 freq 2451 pri 2912
mod # 57 item# 5 freq 2467 pri 4574
mod # 36 item# 1 freq 2482 pri 3280
mod # 47 item# 4 freq 2487 pri 3770
omod # 9 item# 1 freq 2502 pri 4986
mod # 8 item# 5 freq 2518 pri 1740

mod # 18 item# 3 freq 2526 pri 5602
mod # 3 item# 2 freq 2576 pri 5082
mod # 20 item# I freq 2582 pri 2583
mod # 41 item# 1 freq 2597 pri 4585
mod # 41 item# 3 freq 2613 prl 3633
mod # 19 item# 6 freq 2672 pri 4415
mod # 46 item# 7 freq 2687 pri 5423
mod # 10 item# 10 freq 2690 pri 6828
mod # 3 item# 6 freq 2705 pri 3539
mod # 13 item# 2 freq 2724 prl 6201

J mod I 10 item# 3 freq 2747 pri 618
mod # 47 item# 7 freq 2753 pri 5034
mod # 52 item# 5 freq 2766 pri 1342



mod # 12 item# I freq 2770 pri 3736
mod # 46 item# 2 freq 2795 pri 5692
mod # 35 item# 1 freq 28U0 pri 7450
mod # 47 item# 3 freq 2806 pri 70u7
mod # 4 item# 1 freq 2824 pri 7900
mod # 32 item# 2 freq 2842 pri 6370
mod # 30 item# I freq 2843 pri 500
mod # 47 item# 5 freq 2844 pri 1489
mod # 43 item# 3 freq 2845 pri 6832
moo # bY item# 7 freq 2847 pri 3608
mod # ?;2 item# 6 freq 2857 pri b704
mod # 20 item# 5 freq 2906 pri 62ub
moO 0 40 item# 4 freq 2953 pri 5186
mod # 42 item# 1 freq 2957 pri 3429
mod # ZU item# 3 freq 2979 pri 3181
mod # 14 item# 9 freq 2982 pri 4781
mod # 47 item# 6 freq 2989 pri 1241
mod # 51 item# I freq 3001 pri 5047
mod # 14 item# 7 freq 3021 pri 3360
mod # 42 item# 2 freq 3029 pri 7064
mod # 20 item# 4 freq 3038 pri 6217
mod # 34 item# 3 freq 3055 pri 5936
mod # 8 item# 2 freq 3062 )ri 500
mod # 46 item# 1 freo 3074 pri 4111
mod # 12 item# 3 freq 3189 pri 6711
mod # 28 item# 1 freq 3204 pr 7462
mod # 8 item# 3 freq 3220 pri 2775
mod # 20 item# 6 freq 3221 pri t634

. mod # 29 item# 2 freq 3227 pri 7900
mod # 18 item# 10 freq 3247 pri 5963
mod # 18 item# 1 freq 3250 pri 3044
mod # 49 item# 1 freq 3254 pri 2979
mod # 31 item# 3 freq 3262 pri 3154
mod # 56 item# 1 freq 3279 pri 7189
mod # 21 item# 2 freq 3280 pri 4013
mod f 4 item# 3 freq 3298 pri 1820
mod # 48 item# 2 freq 3326 pri 1473
mod # 52 item# 8 freq 3335 pri 2024
mod # 22 item# 1 freq 3345 pri 3343
mod # 3d item# 4 freq 3361 pri 3495
mod # 41 item# 2 freq 3375 pri 904
mod # IU item# 6 freq 3383 pri 2862
mod # 27 itemy 4 freq 3402 pri 4773
mod # 57 item# 3 freq 3457 pri 4070
mod # 49 item# 3 freq 3486 pri 766
mod # 45 item# 3 freq 3491 pri 5986
mod # 51 item# 3 freq 3493 pri 3641
mod # 45 item# 1 freq 3567 pri 6063
mod # 11 item# 4 freq 3604 pri 3337
mod # 10 item# 5 freq 3614 pri 5007
mod # 55 item# 3 freq 3651 pri 6300
mod # 53 item# 1 freq 3652 pri 1372
mod # 53 item# 5 freq 3655 pri 677
mod # 9 item# 4 freq 3667 pri 4565
mod # 6 item# 4 freq 3667 pri 3036
mod # 36 item# 3 freq 3692 pri 2250



mod # 43 itemw 5 freq 3b92 pri 3922

mod # 10 item# 2 freq 3696 pri 948
mod # 37 item# 2 freq 3699 pri 803
mod # 14 item# 3 freq 37UU pri 2627
mod # 25 item# 8 freq 3707 pri 5289

mod # 36 item# 2 freq 3778 pri 2990
mod # 49 item# 6 freq 3790 pri 4721

mod # 14 item# I freq 3796 pri 6243
mod # 7 item# 2 freq 3829 pri 2744
rmod # 37 item# 5 freq 384U pri 4157
mod # 39 item# 2 freq 3853 pri 6540
mod # 32 item# 4 freq 3858 pri 4922
mod # 44 item# 3 freq 3928 pri 6664
omod # 47 item# 2 freq 3947 pri 4948
mod # 33 item# 5 freq 3967 pri 6859
mod # 49 item# 4 freq 3977 pri 3697
mod # 19 item# 3 freq 3986 pri 5564
mod # 52 item# 4 freq 3991 pri 4473

o mod # 14 item# 8 freq 3999 pri 6290
mod # 3u item# 4 freq 4030 pri 500
mod # 9 item# 6 freq 4032 pri 5498
mod # 22 item# 3 freq 4045 pri 6765
mod # 22 item# 4 freq 4054 pri 6323
moo # 5b item# 7 freq 4054 pri 7900
mod # 23 item# I freq 4U57 pri 2UU8
mod # 59 item# I freq 4086 pri 4937
mod # 51 item# 4 freq 4U96 pri 3293

.... ..'



"AVPENDIX F.4. Environments for 100 and IUZ Emitters

This appendix contains the values of UOA, frequency and DOA for
two environments, an environment of 100 emitters and an
environment of IU2 emitters. Sections F.4.a. and F.4.b. contain
the values for the 100 emitter environment. Section F.4.a. is
"sorted by frequency while section F.4.b. is the same data sorted
by PRI. Sections F.4.c, and F.4.d. contain the values for an
environment of 102 emitters by frequency and PRI, respectively.
The only difference in the input values that produced the two
environments was the number of emitters.

F.4.a. 100 Emitters by Frequency

mod # 48 item# 3 freq 5 pri 7565
mod # 33 item# 3 freq 8 pri 4271
mod # 18 item# 2 freq 66 pri 922
mod # 36 item# I freq 132 pri 3280
mod # 6 item# 2 freq 148 pri 7334
mod # 53 item# 4 freq 168 pri 2860
mod # 29 item# 2 freq 248 pri 1248
mod # 21 item# 2 freq 259 pri 2580

V mod # 17 item# 3 freq 317 pri 2788
mod # 51 item# 1 freq 371 pri 2b38
mod # 3b item# 2 frec 483 pri 3170
mod # 41 item# 3 freq 490 pri 7900
mod # 15 item# I freq 550 pri 5897
mod # 40 item# 1 freq 688 pri 5773

_'" mod # 41 item# 4 freq 726 pri 2690
mod # bZ item# 2 freq 791 pri 7900
mod # 17 item# I freq 835 prl 6500
mod # 37 item# 1 freq 870 pri 79U00I mod # 36 item# 3 freq 880 prl 6297
mod # 22 item# 4 freq 892 pri 2119
mod # 28 item# 2 freq 1008 pri 1441
mod # 14 item# 4 freq 1139 pri 4767
mod # 33 item# 2 freq 1153 pri 5108
mod # 24 item# 2 freq 1169 pri 4948
mod # 20 item# I freq 1171 pri 2294
mod # 34 item# 2 freq 1176 pri 7376
mod # 41 item# 2 freq 1259 Dri 5227
mod # 22 item# I freq 1296 pri 3634
mod # 40 item# 2 freq 1301 pri 5179
mod # 50 item# 1 freq 1308 pri 4421
mod # 22 item# 3 freq 1346 pri 920
mod # 52 item# I freq 1370 pri 5795
mod # 25 item# 2 freq 1372 pri 3537
mod # 10 item# 1 freq 1378 pri 1700
mod # 5 item# 1 freq 1408 prl 5652
mod # 4 item# 1 freq 1412 pri 4424
mod # 14 item# 2 freq 1427 pri 5263
mod # 15 item# 2 freq 1469 pri 4214
mod # 2b item# 1 freq 1484 pri 4866
mod # 53 item# 3 freq 1602 pri 4717
mod # 3 item# 1 freq 1539 pri 6087
mod # 5 item# 2 freq Ib7A pri 2619
mod # 17 item# 2 freq 1581 pri ZZ06

* moo 0 34 item# 1 freq 1639 pri 3738

.... ...



mod # 33 item# I freq 1655 pri 7232
mod # 31 item# I freq 1660 pri 4806

" mod # 49 item# 2 freq 1668 pri 5716
mod # 54 item# 1 freq 1791 pri 6091
mod # 49 item# 4 freq 1887 pri 5353
mod # 30 item# 1 freq 1894 pri 5435
mod # 59 item# 1 freq 1897 pri 5617
mod # 22 item# 2 freq 1944 pri 659
mod # 11 item# 1 freq 1976 pri 2830
mod # 7 item# I freq 1976 pri 1216
mod # 49 item# 3 freq 2000 pri 6898
mod # 24 item# I freq 2178 pri 6001
mod # 3 item# 3 freq ZZ61 pri 6558
mod # 49 item# 1 freq 2402 pri 7471
mod # 50 item# 2 freq 2462 pri 943
mod # 39 item# I freq 2483 pri 4912
mod # 3 item# 2 freq 249b pri 3248
mod # 13 item# 1 freq 2510 pri 2542
mod # 13 item# 3 freq 2534 pri 1238
mod # 57 item# 1 freq 2536 pri 5663
mod # 53 item# 2 freq 2559 pri 1321
mod # 25 item# 1 freq 2639 pri 642
mod # 8 item# 2 freq 2754 pri 1422
mod # 56 item# 2 freq 2803 pri 5282
mod # 19 item# I freq 2824 pri 6876
mod # 56 item# 1 freq 2899 pri 3806
mod # 50 item# 3 freq 2926 pri 3357
mod # 8 item# 1 freq 3017 pri 500

i) mod # 43 item# 1 freq 3079 pri 3667
mod # 47 item# 1 freq 3095 pri 4529
mod # 10 item# 3 freq 3101 pri 6763
mod # 12 item# 2 freq 3155 pri 2071
mod # 23 item# i freq 3164 pri 4717
mod # 14 item# 1 freq 3179 pri 6990
mod # 48 item# I freq 3193 pri 1642
mod # 21 item# 1 freq 3210 pri 5158
mod # 36 item# 4 freq 3211 pri 3078
mood # 42 item# I freq 3268 pri 4239
mod # 32 item# 1 freq 3351 pri 5086
mod # 12 item# 3 freq 3405 pri 3936
mod # 19 item# 2 freq 3412 pri 7571
m mod # 6 item# 1 freq 3476 pri 3587
mod # 3/ item# 2 freq 3557 pri 6652
mod # 14 item# 3 freq 3651 pri 6527
mod # Z8 item# 1 freq 3692 pri 3677
mod # 12 item# 1 freq 37UZ pri 2370
mod # 18 item# I freq 3847 pri 1160
mod * 41 item# I freq 3860 pri 5016
mod # 56 item# 3 freq 3883 pri 5591
mod # 10 item# 2 freq 3936 pri 6254
mod f 53 item# I freq 3942 pri 5271
mod # 13 item# 2 freq 3989 pri 3674
mod # 29 item# 1 freq 4026 pri 618
mod # 57 item# 2 freq 4089 pri 5733
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F.4.b. 1;; ) Emitter; ;y PRI

mod # 8 item# 1 freq 3017 pri 500
mod # 29 item# 1 freq 4U26 pri 918
mod # 26 item# 1 freq 2639 pri 642
mod # 22 item# 2 freq 1944 pri 659
fo 1 # 4d item# 2 treq 3237 pri 728
mod # 22 item# 3 freq 1346 pri 924
mod # 11 item# 2 freq 66 pri 922
mod # 50 item# 2 freq 2462 pri 943
mod # 18 item# 2 freq 3847 pri 1160
mod # 7 item# 2 freq 1976 pri 1216
mod # 13 item# 3 freq 2534 pri 1238
mod # 29 item# 2 freq 248 pri 1248
mod # 11 item# 2 freq 3058 pri 1270
mod # 53 item# 2 freq 2559 pri 1321
mod # 8 item# 2 freq 2754 pri 1422
mod # 28 item# 2 freq 1008 pri 1441
mod # 48 item# 1 freq 3193 pri 1642
mod # 10 item# 1 freq 1378 pri 1700
mod # 12 item# 2 freq 3155 pri 2071
mod # 22 item# 4 freq 892 pri 2119
mod # 17 item# 2 freq 1581 pri 2206
mod # 20 item# 4 freq 1171 pri 2294
mod # 12 item# 3 freq 3702 pri 2370
mod # 5 item# 2 freq 1574 pri 2589
mod # 51 item# 1 freq 371 pri 2538
mod # 13 item# 4 freq 211U pri 2542
fmood 21 item# 2 freq 259 pri 2580
mod # 41 item# 4 freq 726 pri 2694
mod # 17 item# 3 freq 317 pri 2788
mod # 11 iterm# 3 freq 1276 pri 2833
mod # 53 item# 4 freq. 168 pri 2860
rmod # 36 item# 4 freq 3211 pri 3078
mod # 36 item# 2 freq 483 pri 3170
mod # 3 item# 2 freq 2395 pri 3248
mod # 36 item# 1 freq 132 pri 3280
mod # 50 item# 3 freq 2926 pri 3357imod # 25 item# 2 freq 1372 pri 3537

mod # 6 item# 1 freq 3476 pri 3587Smod # 22 item# 1 freq 1296 pri 3634
mod # 43 item# I freq 3079 pri 3667
mod # 13 item# 2 freq 3989 pri 3674
mod # 28 item# 1 freq 3692 pri 3677
mod # 34 item# 1 freq 1639 prl 3738
mod # 56 item# 1 freq 2899 pri 3806
mod # 12 item# 3 freq 3405 pri 3936
mod # 15 item# 2 freq 1469 pri 4214rood # 42 item# I freq 3268 pri 4239

mod # 33 item# 3 freq 8 pri 4271
omod # 50 item# 1 freq 1301 pri 4421rood * 4 item# 1 freq 1412 pri 4424
rood # 47 item# 1 freq 3095 pri 4529
rood # 53 item# 3 freq 1502 pri 4717
m•rod # 23 item# 1 freq 3164 pri 4717

mod # 14 item# 4 freq 1139 pri 4767
mod # 31 item# 1 freq 1660 pri 4806
moa # Zb item# 1 freq 1484 pri 4866
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mod # 39 item# 1 freq 2483 pri 4912
mod # 24 item# 2 freq 1169 pri 4948
mod # 41 item# I freq 3860 pri 5016

4 mod # 32 item# i freq 3351 pri 5086
mod # 33 item# 2 freq 1153 pri 5108
mod # 21 item# 1 freq 3210 pri 5158
"mod # 40 item# 2 freq 1301 pri 5179
mod # 41 item# 2 freq 1259 pri 5227
mod # 14 item# 2 freq 1427 pri 5263
mod # 53 item# I freq 3942 pri 5271
mod # 56 item# 2 freq 2803 pri 5282
mod # 49 item# 4 freq 1887 pri 5353
mod # 30 item# I freq 1894 pri 5435
mod # 56 item# 3 freq 3883 pri 5591
mod # 59 item# 1 freq 1897 pri 5617
mod # 5 item# 1 freq 1406 pri 5652
mod # 57 item# 1 freq 2536 pri 5663
mod # 49 item# 2 freq 1668 pri 5716
mod # 57 item# 2 freq 4U89 pri 5733
-mod # 40 item# 1 freq 688 pri 5773
mod # 52 item# 1 freq 1370 pri 5795
mod # 15 item# 1 freq 550 pri 5897
mod # Z4 item# 1 freq 2178 pri 6001
mod # 3 item# 1 freq 1539 pri 6087
mod # 54 item# 1 freq 1791 pri 6091
mod # 10 item# 2 freq 3936 pri 6254
mod # 36 item# 3 freq 880 pri 6297
mod # 17 item# 1 freq 835 pri 6500
mod # 14 item# 3 freq 3651 pri 6527
mod # 3 item# 3 freq 2261 pri 6558
mod # 37 item# 2 freq 3557 pri 6652
mod # 10 item# 3 freq 3101 pri 6763
mod # 19 item# 1 freq 2824 pri 6876
mod # 49 item# 3 freq 2000 pri 6898
mod # 14 item# 1 freq 3179 pri 6990
mod # 33 item# I freq 1655 pri 7232
mod # 6 item# 2 freq 148 pri 7334
mod # 34 item# 2 freq 1178 pri 7376
mod # 49 item# 1 freq 2402 pri 7471
mod # 48 item# 3 freq 5 pri 7565
mod # 19 item# 2 freq 3412 pri 7571
mod # 52 item# 2 freq 791 pri 7900
mod # 41 item# 3 freq 490 pri 7900
mod # 37 item# 1 freq 87u pri 79U0

F.4.c. 102 Emitters by Frequency

mod # 35 item# 2 freq 6 pri 6025
mod # 1 item# 2 freq 248 pri 5079
mod # 37 item# I freq 253 pri 2975
mod # 7 item# 3 freq 280 pri 6103
raod # 3 i ten# 3 freq 282 pri 7096mod # 20 itemO 2 freq 410 pri 7622
mod # 29 item# 3 freq 477 pri 3079
mod # 17 item# I freq 516 pri 6300

F,4.4
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mod # 58 item# I freq 534 pri 2321
mod # 56 item# 3 freq 569 pri 737
mod # 7 item# 1 freq 660 pri 3908
mod # 5U item4 3 freq 672 pri 3498
m mod # 31 item# 1 freq 737 pri 4070
mod # 18 item# 2 freq 787 ori 2111
mod # 14 item# 3 freq 894 pri 1811
mod f 9 item# 2 freq 976 prl 3514
mod # 49 item# 2 freq 1004 pri 59bZ
mod # ?6 item# 4 freq 1020 pri 3050
mod # 5 item# 2 freq 1037 pri 5123
mod # 14 item# 2 freq 1046 pri 4839
mod # 1U item# I freq 1122 pri 3357
mod # 5 item# I freq 1189 prl 2558
mod # 25 item# 2 freq 1224 pri 6928
mod # 47 item# 1 freq 1238 pri 3922
mod # 53 item# 2 freq 1264 prl 7612
mod # 57 item# 1 freq 1270 prl 1741
mod # 22 item# 4 frec 1285 pri 2930
m od # 25 item# 3 f oeq 1288 pri 1170
mod # 25 item# 1 freq 1370 pri 3926
mod # 10 item# 4 freq 1380 pri 1493
mod # 53 item# I freq 1413 pri 1071
mod # 16 item# 2 freq 1417 pri 7516
mod # 29 item# 4 freq 1435 pri 4435
mod # 13 item# 3 freq 1449 pri 6652
mod # 29 item# 3 freq 1486 pri 967
mod # 32 item# I freq 1595 pri 2842

7) mod # 43 item# I freq 1669 pri 7900
mod # 22 item# 3 freq 1718 pri 2089
mod # 20 item# 4 freq 1789 pri 3213

Smod # 58 item# 2 freq 1806 pri 640 5
mod # 44 item# 1 freq 1823 pri 2612
mod # 27 item# 1 freq 1839 pri 7170
mod # 3 item# 1 freq 1991 pri 6780
mod # 54 item# 2 freq 1995 pri 1929
mod # 44 item# 2 freq 2033 pri 6092
mod # 30 item# 2 freq 2056 pri 2850
mod # 26 tem# I freq 2070 pri 2615
mod # 7 sem# 2 freq 2139 pri 6555

t mod # 19 item# 2 freq 2168 pri 7474
mod # 34 item# 1 freq 2181 pri 6269
mod # 22 item# 2 freq 2271 pri 5738
mod # 16 item# 1 freq 2308 pri 2072
mod # 38 item# I freq 2395 pri 3490
mod # 55 item# I freq 2420 pri 6666
modi # 19 item# 1 freq 2429 pri 5787
mod # 36 item# 1 freq '83 prl 3280
mod # 9 item# I freq 2502 pri 4986
mod # 18 item# 3 freq 2527 pri 5602
mod # 3 item# 4 freq 2576 pri 5082
mod # 20 item# 1 freq 2583 ori 2583
mod # 41 item# I freq 2597 pri 4585
mod # 13 item# 2 freq 2724 pri 6201
mod # 8 item# 3 freq 2748 pri 618
omod # 49 item# 1 freq 2755 prl 5034
mod # 12 item# 1 freq 2771 pri 3736
mod f 47 itemi# 3 freq 2796 pri 5692



mod # 35 item# 1 freq 2U01 pri 7450
mod # 3 item# 2 freq 2825 pri 7900
mod # 3U item# 1 freq 2844 pri 500
mod # 19 item# 4 freq 2979 pri 3182
mod # 20 item# 3 freq 3038 pri 6217
mod # 8 item# 2 freq 3062 pri 500
mod # 46 item# 1 freq 3075 pri 4111
mod # 13 item# 1 freq 3083 pri 1384
mod # 45 item# 3 freq 3091 pri 3460
mod # 8 item# 1 freq 3221 pri 2775
mod # 29 item# 2 freq 3227 pri 7900
mod # 18 item# 1 freq 3250 pri 3044
mod # 50 item# I freq 3254 pri 2979
mod # 3U item# 3 freq 3262 pri 3153
mod # 56 item# 1 freq 3279 pri 7189
mod # 21 item# 1 freq 3280 pri 4013
mod # 22 item# I freq 3346 pri 3343
mod # 10 item# 3 freq 3383 pri 2862
mod # 58 item# 3 freq 3458 pri 4070
mod # 50 item# 2 freq 3487 pri 766
mod # 4b item# I freq 3491 pri 5986
mod # 45 item# 2 freq 3567 pri 6063
mod # 1U item# 5 freq 3614 pri 5007
mod # 56 item# 2 freq 3651 pri 630Umod # 54 item# 2 freq 3653 pri 1372
mod # 5U item# 2 freq 3696 pri 948
mod # 37 item# 2 freq 3699 pri 803
mod # 14 item# 1 freq 3700 pri 2627
mod # 14 item# 2 freq 3778 pri 2989
mod # 13 item# 2 freq 3778 pri 6298
mod # 13 item# 4 freq 379b pri 6243,mod # 47 item# 2 freq 3947 pri 4948

mod # 1.9 item# 3 freq 3986 pri 5564
mod # 23 item# 1 freq 4057 pri 2008

F.4.d. 102 Emitters by PRI

mod # 30 item# 1 freq 2844 pri 500
mod # 8 item# 2 freq 3062 pri 500
mod # 8 item# 3 freq 2748 pri 618
mod # 56 item# 3 freq 569 pri 737
mod # 50 item# 2 freq 3487 pri 766
mod w 37 item# 2 freq 3699 pri 803
mod # 10 item# 2 freq 3696 pri 948
mod # 29 item# 3 freq 1486 pri 967
mod # 53 item# 1 freq 1413 pri 1071
mod # 25 item# 3 freq 1288 pri 1170
mod # 54 item# 1 freq 3653 pri 137Z
mod # 13 item# 1 freq 3083 pri 1384
mod # 10 item# 4 freq 1380 pri 1493
mod # 57 item# 1 freq 1270 pri 1741
mod # 14 item# 3 freq 894 pri 1811
rmod # 54 item# 2 freq 1995 pri 1929
mod # 23 item# 1 freq 405# pri 2008
mod # 16 item# 1 freq 2308 pri 2072
mod # 22 item# 3 freq 1718 pri 2089
mod # 18 item# 2 freq 787 pri 2111
mod # 58 item# 1 freq 534 pri 2321



mod # 5 item# 1 freq 1189 pri 2558
mod # ZU item# 1 freq 2583 pri 2583
mod # 44 item# 1 freq 1823 pri 2612
mod # 26 item# 1 freq 2070 pri 2615
mod # 14 item# 1 freq 3700 pri 2627
mod # 8 item# 1 freq 3221 pri 2775
mod # 32 item# 1 freq 1595 pri 2842mod # JU item# 2 freq 2U56 pri 2850
mod # 10 item# 3 freq 3383 pri 2862
mod # 22 item# 4 freq 1285 pri 2930
mod # 37 item# 1 freq 253 pri 2975mod # 50 item# 1 freq 3254 pri 2979
mod # 3b item# 2 freq 3778 pri 2989
mod # 29 item# 1 freq 477 pri 3079
mod # 30 item# 3 freq 3262 pri 3153
mod # 19 item# 4 freq 2979 pri 3182
mod # 2u item# 4 freq 1789 pri 3213
mod # 36 item# 1 freq 2483 pri 3280
mod # 22 item# 1 freq 3346 pri 3343
mod # 10 item# 1 freq 1122 pri 3357
mod # 45 item# 3 freq 3091 pri 3460
mod # 38 item# 1 freq 2395 pri 3490
mod # 50 item# 3 freq 672 pri 3498
mod # 9 item# 2 freq 976 pri 3514
mod # 12 item# I freq 2771 pri 3736mod # 7 item# 1 freq 660 pri 3908
mod # 47 item# ) ,req 1238 pri 3922
mod # 25 item# 1 freq 1370 pri 3926
mod # 21 item# I freq 3280 pri 4013
mod # 58 item# 3 freq 3458 pri 4070
mod # 31 item# 1 freq 737 pri 4070
mod # 46 item# 1 freq 3075 pri 4111
mod # 29 item# 4 freq 1435 pri 4435
"mod # 41 item# 1 freq 2597 pri 4585
mod # 14 item# 2 freq 1046 pri 4839
mod # 47 item# 2 freq 3947 pri 4948
mod # 9 item# 1 freq 2602 prl 4986
mod # 10 item# 5 freq 3614 pri 5007
mod # 49 item# 1 freq 2755 pri 5034
mod # 31 item# 2 freq 248 pri 5079
mod # 3 item# 4 freq 2b76 pri 5U8z
mod # 5 item# 2 freq 1037 pri 5123
mod # 4 iteni# 1 freq 167 pri 5267mod # 56 item# 4 freq 26 pri 5476
mod # 19 item# 3 freq 3986 pri 5564
mod # 18 item# 3 freq 2527 pri 5602
mod # 47 item# 3 freq 2796 pri 5692
mod # 22 item# 2 freq 2271 pri 5738
mod # 19 item# 1 freq 2429 pri 5787
mod # 49 item# 2 freq 1004 pri 5952
Mod # 45 item# 1 freq 3491 pri 5986
mod # 35 item# 2 freq 6 pri 6025
mod # 45 item# 2 frer 3567 prl 6063mod # 44 item# 2 freq 2033 pri 6092
mod # 7 item# 3 freq 280 pri 6103)mod # 13 item# 2 freq 2724 pri 6201



Smod # 20 item# 3 freq 3038 pri 6217
Smod # 13 item# 4 freq 3796 pri 6243

mod # 34 item# 1 freq 2181 pri 6269
m mod # bb item# Z freq 3651 pri 6300
mod # 17 item# 1 freq 516 pri 6300
mod # bd item# 2 freq 18U6 pri 6406
mod # 7 item# 2 freq 2139 pri 6555
mod # 13 item# 3 freq 1449 pri 6652
mod # 55 item# 1 freq 242U pri 6666
mod # 3 item# 1 freq 1991 pri 6780

i mod # 25 item# 2 freq 1224 pri 6928
mod # 3 item# 3 freq 282 pri 7096
miod # 27 item# 1 freq 1839 pri 7170
riod # 56 item# 1 freq 3279 pri 7189
nod # 35 item# 1 freq 2801 pri 7450
rood # 19 item# 2 freq 2168 pri 7474
mod # 16 item# 2 freq 1417 pri 7516
mod # 53 item# 2 freq 1264 pri 7612
mod # 20 item# 2 freq 410 pri 7622
mod # 3 item# 2 freq 2825 pri 7900
mod # 43 item.# 1 freq 1669 pri 7900
mod # 29 item# 2 freq 3227 pri 7900



t APPENDIX F.5. 300 EMITTERS WITH STATIOHARY ENVIRONMENT

Following are the simulation results from an environment with 300
emitters in which the velocities of the airborne platform and all
"emitters are set. artificially, to zero to determine the effect
of DOA drifts to memory module 3. as discussed in section D,6.a.
For compactness. the results are only shown at 1, 5, 10, 15, and
ZU second intervals. System parameters are as follows:

maximum on-time separation/luu emitters in seconds .05
Associative Processor time in microseconds 1.0
Array-Processing time/microinstruction in microsecs. 0.1
CAM-manager processing time In microseconds 1.0
number of CAM registers 24

I•ME 1 .00 SEC. (PRINT !NCR= 1.000)

NMCNT= 566 MCNT= 96397 M.AX= 243 CAMB- 5 MPPB= 3
1TIME= 0.035659 NCWL= 96966 MLCAMBUF= 3 IDOAD= I
ICFD= 1 NEA= 97941 NIA= 1543 INLT1= 0 INLT2= I INLT3= 864

0 2 6 4 i 4 2 6 8 12 4 4' 5 10 2 9
5 11 7 7 5 6 6 4 8 2 4 3 4 5 5 5
6" 3 3 8 5 4 2 0 5 2 6 5 7 7 7 4

9 5 5 8 5 3 7 4 7 3 1 1 0 0 0
MAIN. MEMORY SIZES:

0 2 6 4 1 4 2 6 8 12 4 4 5 10 2 9
5 11 7 7 5 6 6 4 8 2 4 3 4 5 5 5
6 3 3 B .5 4 2 0 5 2 6 5 7 7 7 3
9 5 5 8 5 3 7 4 7 3 1 1 1 0 0 0

TOTAL EMITERS IN MPPR=298
14 12 12 15 13 14 14 15 13 12 15 15 17 12 13 14
13 12 13 "5 15 12 11 15 11 15 13 12 12 13 15 15
14 12 15 14 15 13 12 15 14 12 13 14 13 13 13 13
15 15 14 13 13 15 13 15 15 13 14 14 14 14 14 18
12 13 16 13 15 14 12 12 15 13 13 14 15 15 13 12
14 13 13 13 14 13 12 16 15 15 15 13 13 :7 12 14
14 14 12 15 15 13 14 14 15 14 15 14 14 14 15 14
15 14 12 14 12 14 12 14 13 16 15 12 13 15 14 13

LIST SIZES:
0 0 0 0 0 0 0 0 0 7 10 4 6 10 5 7
6 7 4 4 6 7 9 0 1 5 8 7 4 5 6 5
2 210 4 2 3 9 2 8 4 6 6 3 2 4 2
"2 0 4 4 2 5 ' 0 2" 2 I 2 1 5 1 3
1 1 2 2 2 2 0 5 0 3 0 4 0 3 4 1

S1 0 0 0 0 1 1 0 0 0 2 1 2 0 1 0
1 0 2 1 2 0 2 1 1 1 0 1 0 0 3

•1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
TOTAL CONTENTS- 296 AVERAQE CQNTENT-S- 2.



TIME = 5 00 SEC (PRINT LNCR= 1.000)

14M(:NTr= 3152 MCrfl= 516195 MAY= 243 CAMB= 5 MPPG= 3

4TbIE- 0.035b:59 NCWL= 519347 MLCAMBUFA 4 IDOAD. I

ICFD= I NEA= 520325 Mau 4129 INLTI= 0 INLT2= I l"4L VI- c 3'tb0

0 2 6 4 1 4 2 6 8 12 4 4 5 10 2 9

511 ' 7 5 6 b 4 8 2 4 3 4 5 ! 5
Si 6 3 3 8 5 4 -2 i 5 2 6 5 7 7 7 4

9 5 5 a 5 3 ; 4 7 3 1 1 1 0 0 0

MAIN rEMORY SIZES

0 2 6 4 1 4 2 6 8 12 4 4 5 10 2 9

511 7 7 5 6 6 4 8 2 4 3 4 5 5 5

6 3 3 8 5 4 4" 0 5 2 6 5 7 7 7 3

5 5 8 5 3 74 73 1 1 0 00
TOTAL EMITERS IN MPPRi-298

16 14 15 17 18 16 1t 15 17 16 15 16 17 17 14 lb

07 15 17 15 17 1l5 14 15 14 1t, t5 13 14 15 17 15

21 15 15 17 15 15 15 17 18 1b 17 17 16 16 14 15

15 15 16 16 14 15 18 16 15 15 16 15 17 17 15 18

17 15 16 %6 17 16 14 16 16 17 16 20 16 18 16 15

15 16 14 l., 16 16 t6 16 17 16 15 15 14 17 16 16

16 16 15 15 17 15 15 16 16 15 16 15 15 16 16 17
15 15 15 17 16 14 IS 16 16 16 16 15 l'b !5 14 14$

LIST SIZES:0
2 1 T 1 00 1 C. 1 IT 1 0 0 N 0 0 1
0 0 0 1 0 2 0C2 0 0 0 1 2 0 0 0 0
0 0I 0 0. 0 0 0 0 0 36 0 0 0C012 4 5
5 7 5 6 5 6 9 8 7 5 6 10 7 1 6 8

1 7 3 5 4 2 2 4 1 3 4 2 3 5 2 4
4 2 6 4 2 4 2 65 1 4 2 2 4 4 2 2
4 1 2 0 0 0 2 3 2 1 2 3 1 4 6
4 3 4 1 2 2 3 1 4 1 2 0 1

TW*•AL CINTE14TS= 2199 AVERAGE CONTENTS- 2. 34

NMCNT1 6570 MC18 T= 6 18 0764 MAX= 171 1 = 16MTIME= 0. 035659 NCWL= 1047334 KILCP.6-BUF- 4 IDUAD=

ICFD= I NEA= 1048312 NIA= 7547 INLTI= NT= tIL3 .b

0 2 6 7 1 4 1 1 12 4 45 510 2 9

5 11 7 7 5 6 6 4 . 8 2 4 3 4 5 5 5

6 3 3 8 5 4 2 C 5 2 6 5 7 7 7 4

9 15 16 5 3 7 4 7 3 1 1 1 0 0 0
MAIN MEMORY SIZES:

0 2 6 4 1 4 2 6 8112 4 4 5910 2 9
Zi1 7 7 5 6 6 4 8 2 4 3 4 5 5 5

6 3 3 3 5 4 2 0 5 2 6 5 7 7 7 3

• . . ... ... .o 5 ,5 a 5 ., 7 4 7 33 1 1 1 0 0 0

STOTAt. EMITERS IN MPPR-298

16 15 19 17 16 18 17 17 17 16 16 1- 17 15 16
17 in" 11 t7 21 19 14 17 17 t8 16 14 15 16 18 17
2'7 15 16 17 16 17 17 17 19 16 '7 17 17 16 16 17

1_ 6 17 1c- 16 15 15 IS 1.7 16 1,5 16 15 17 17 16 IS

17 15 16 17 17 16 15 17 16= 17 16 2_0 16 IS 17 15

• 15 16 16 1&, IS 16 t6 16 19 17" 16 17 17 17 16 L6

•"16 16 15 Is !7 J5 18 16 16 17 16 15 1! 16 17 17

17 15 17 17 16 15 1S 16 17 16 17 15 17 15 15 16

LIST SIZES:4 4 5 2 4 3 4 4 2 1 0 1 5 2 5 0

4 2 0 1 3 2 3 0 3 2 3 0 1 0 1 3

0 4 1 3 3 2 2 1 2 0 1 5 2 3 0 1

0 1 1 2 0 0 0 0 0 1 1 1 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 4 6 5 3 4 9 q
4 5 0 513 6 5 3 6 8 4 6 6 2 4 4

7 2 2 4 2 6 6 3 2 2 1 2 4 42

TOTAL CONTENTS^ 299 .VERAGE CONTENr = 2. 34

") TIME- 11.00 SEC. PRINT Nr4C,- 1 o00)
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TIME = 15.00 SEC. (PRINT INCR= 1.000)

NMCNT= 10010 MWIT= 1565344 MAX= 243 CAMD- 5 MPP8= 4

MTIME= 0.035659 NCWL- 1575361 MLCAMIBUF 5 IDOAD= 5

ICFD= 5 NEA= 1576336 NIA= 10991 IPLTI= 0 INLT2- 5 INLT3=I1010t

0 2 6 4 1 4 2 6 8 12 4 4 5 10 2 9

511 7 7 5 6 6 4 e 2 4 3 4 5 5 5
6 33 B 54205 6 5 7 7 7 4
9 5 5 8 5 3 7 4 7 1 1 0 0 0

MAIN MEMORY SIZES.
0 2 6 4 1 4•2•6 8 12 4 4 510 2 9

511 7 7 5 t 6 4 8 2 4 3 4 5 5 5
6 3 3 8 5 4 2 0 5 2 6 5 7 7 7 3

9 5 5 8 5 3 7 4 7 3 1 t 1 0 0 0
TOTAL EMITERS IN MPPR-298

16 lb 19 17 19 17 1 17 47 17 !6 17 17 17 16 16

17 IS 17 17 21 19 15 17 17 18 16 16 15 16 ;R 17
21 16 16 17 16 17 17 17 IS IS 17 17 17 !" 17

16 17 17 17 17 18 18 17 16 16 17 15 17 17 16 18
17 15 16 17 17 16 15 17 16 17 16 20 16 9 :7 15

15 17 16 16 18 16 16 16 19 17 16 12 17 17 16 17

16 16 18 18 17 16 IS 16 16 17 17 16 15 16 17 17
17 15 17 17 16 16 18 16 17 1B 17 16 17 15 15 16

LIST SIZES

0 0 0 0 0 0 0 8 6 4 7 7 4 8 6 7

3 7 610 7 5 7 2 5 5 r 5 4 1 5 6
2 8 1 2 5 4 3 2 6 1 3 5 2 4 3 5
2 2 2 4 1 1 2 6 3 2 5 3 3 4 02

0 3 1 1 4 0 0 0 3 1 4 3 4 3 4 1

2 2 1 2 2 1 0 0 2 0 0 1 0 2 0 1
0 0 0 0 1 0 0 2 0 0 2 1 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTAL CONTENTS- 296 AVERAGE CONTENTS- 2. 31

ow

TIME - 20.00 SEC. (PRINT INCR= 1.000)

NMCNT' 14066 MCNT= 2089272 MAX- 243 CAMS= 5 MPPB- 6

MTIME= 0.035659 NCWL- 2103343 MLCAM8UF- 7 IDOAD • 7

ICFD- -7 NEA- 2104322 NIA= 15049 INLTI= 0 INLT 7 INLT3=1436
4

0 2 6 4 1 4 2 6 812 4 4 510 2 9

5 11 7 7 5 6 6 4 8 2 4 3 4 5 5 5
6 3 3 8 5 4 2 0 5 2 6 5 7 7 7 4

S................. . 9 5 5 e 5 3 7 4 7 3 1 1 1 iO 0 0

MAIN MEMORY SIZES:ý
0 2 6 4 1 4 2 6 812 4 4 510 2 9

5 11 7 7 5 6 6 4 8 2 4 3 4 5 5 5
6 3 3 8 5 4 2 0 5 2 6 5 7 7 7 3

9 5 5 a 5 3 7 4 7 3 1 1 1 0 0 0

TOTAL EMITERS IN MPPR-298
16 16 19 17 19 20 I1 17 17 17 16 17 17 Is 16 16

17 18 17 17 21 19 16 17 17 18 16 16 15 16 18 17

21 17 16 17 16 17 17 19 iB 1 17 17 17 17 16 17

16 17 17 17 17 19 18 17 19 16 17 15 17 17 16 19

17 15 18 17 17 16 15 17 16 17 17 20 16 18 17 15

15 17 16 16 18 16 16 16 19 17 16 18 17 .17 16 18

17 16 18 18 17 16 IS 16 18 17 17 16 16 16 17 17

17 17 17 1716 16 is 16 17 1 17 16 17 15 16 16

LIST SIZES:0 3 1 0 2 0 1 2 1 0 1 0 0 1 0 1

2 0 0 1 0 1 0 2 1 1 0 0 0 1 0 0
0 0 0 0 1 1 2 0 00 0 0 0 0 0 00 0 0 4 8 6 4 8 9 6 7 5 9 5 7 6

3 8 9 5 2 5 5 q 5 3 3 4 2 4 4 4

5 3 1 3 3 2 4 5 3 4 3 6 4 2 1 2

0 4 1 4 1 5 4 2 1 1 2 41 ' 0 4

2 0 4 0 0 2 0 3 1 2 2 0 2 4 • 1

) TOTAL CONTENTS- 300 AVERAGE C0N'rFNTS- Z. 34

-~ ~?~'s:~i
-*,~-;S~.



APPENDIX F.6. FREQUENCY HOPPER ENVIROIU4ENT

Following are the run results two environanents in which the
* number of emitters in the environment was 50, which included two

frequency hoppers. In the first case, ii, order to accommodate
the overflow in the main memory modules which corresponded to the
frequency hoppers, new data was entered into the top of the
module when the module became full; in other words, the data
wraps around and writes over the previously entered data. In the
second case, when the memory module is filled, no more data is
loaded into that module. For more information, see section D.l.b.

The simulation was run with a static LIST of (32,256) for one
second. The results shown here are for the entire run with no
wraparound, but only from 0.5 seconds for wraparound memory. The
results were identical up to that time.

sFH: Simulation Results for 50 Emitters
I)and 2 Frequency Hoppers
Wraparound Memory'

TIME - 0. 10 SEC. (PR INT INCQ- 0. 100)

NrICNT= 0 MCNT= 1105 M1AX- 200 CAMB= 3 MPPB= 2
flTIME- 0.0594&2 NCWL= 1111 MLCAfiEUF= 2 IDOAD- I
ICFD- 0 NEA- 1298 NIAn 192 INLTI- 0 INLT2- 2. 1 M.T3- 47
0 0 0. 1 1 1 2 2 0 1 0 2 1 1 0 13

0 31 1 1 0 00 2 1 1 0 1 t 3 3 1

MAIN MEMOR~Y SIZES:
0 0 0 11t1 2 0210 21L 0 13
3 21 00 S 'I110 0300 0 0
0 31 11 '0 002 1 1 01 133 1
o 2 0 0 1 1 2 0 -0 0'&0 6 0 0 0.
TOTAL E1IITERS IN "?PR- Be

8 7 6 6 6 8 6 8 6 6 7 611 5 5 8

LIST S IZES:
0 01 0 0 02 474 34 03 2

~1 112 2 012 0 010 21 00 0
TOTAL CONTENTS- 43 AVERAG;E cat~rEirs- 1. 34

I

4

-J ,



TIME - 0 P0 SEC '-R1NT 1NCR= 0. 100)

NMCNT=I ii:r.•T .72,0 MAX- 200 CAMD= 3 MPPB- 2
MTIMF= C c..ICWLw 7 MLCAIDUF= -' IDOAD=
ICFD= 0 f•A- 2 q71  "J[= • INLT- 0 INLT2= 2 INL1•=

0 0 0 i 1 2 2 0 1 0 2 1 1 0a25
3 2 1 0 0 o 0 1 o 0 0 3 0 0 0 0
0 48 1 1 0 0 2 0 1 1 3 3 1
0 2 0 0 i1 -1 0 0 0 0 0 0 0 0 0

MAIN '.EMORV SI7ES
0 0 0 1 1 % 1 2 0 1 0 2 1 1 0 25
3 2 1 0 0 1 0 1 0 0 3 0 0 0 0

016 1 1 0 0 2 1 0 1 1 3 3 1
0 2 0 0 i'i 2 0 3 0 0 0 1 0 0 0

TOTAL EMITERS :N MPPR= e (tu)
8 ý 8 7 7 6 e S $1 7 7 71! 9 7 8
811 6 8 7 8 6 7 S 9 7 6 9 S 9 8

LIST SIZES.
2 L t 2 0 0 0 0 0 0 0 0 0 4 4 2
3 5 4 1 1 t 3 2 t 2 1 1 1 1 2 0

TCAL CONTENTS- 41 AVE'.:AOE CONTENT•= 1. 41

TIME - 0.30 SEC. iFRINT INCR= 0.100)

* NMCNT- 1 MCNT= 4331 MAX= 200 CAMB= 3 MPPB= 2
MTIME- 0.059462 NCWL= 4356 MLCAMBUF- 2 IDOAD- 3
ICFD= 0 NEAx 4641 NIA= 289 INLTI 0 INLT2= 4 INLTT3 49
0 o 0 1 ! 1 2 2 0 1 0 2 2 1 0 38

"3 2 1 0 0-1 0 2-1 -0-.0 3-.0--0--0--0 .....

0 48 1 1 0 0 0 2 1 0 11 a 3 2
0 2 0 0 1 1 2 0 0 0 0 0 0 0 0 0

MAIN MEMORV SIZES.
0 0 0 1 1 1 1 2 0 1 0 2 1 t 0 3S

3 2 1 0 0 1 0 2 0 0 0 3 0 0 0 0
0 2 1 1 0 0 0 2 t 1 0 1 1 3 2 2
0 2 0 0 1 1 2 0 0 0 0 o 0 0 0 0

TOTAL EMITERS IN tPPR= e4 ([IQ)
8 8 8 8 7 a e 9 e 7 7 7"11 9 F 8
8:1 6 8 9 S 8 7 8 9 9 9 9 9 9 8

LIST SIZES:"• ' 1 0 2 0 2 1 1 0 0 3 0 0 1 0 0 0
0 0 0 3 5 4 3 1 3 5 1 3 3 2 2 1

TOTAL CONTENTS- 47 AVERAGE CONTENTS- 1 47

TIME - 0.40 SEC. (PRINT INCR= 0.100)

NMCNT2 I MCUT= 5972 MAX- 200 CAmom 3 mIPPs= 2
MTIIE- 0.059462 NCWL= 59e4 MtLCAMBuQF 2 IDOAD- 7

iCFD 0 NEA- 6313 NIAm 340 INLTIm 0 INLT2= 8 !NLr3= .j

0 0 0 1 1 1 2 2 0 1 1. 2 2 1 0 48
3 2 1 0 0 1 0 2 1 0 1 3 0 0 0 0

0 48 1 0 0 0 2 1 1 0 i 1 3 32
0 2 0 0 1 1 2 1 0 0 0 0 0 0 0 0

MA:N MEMORY SIZES.
0 0 O 1 t I i 2 0 t 1 1 2 0 0 3

S201 0 0 200120 2-00
036 1 1 0 0 0 2 1 0 0 1 6 1 2 2

TA0 2 0 0 1 1 N 1 0 0 0 0 C 0 0 OT2)./ TOTAL EMITERS IN UýppR- 83 (140)
a a 8 8 7 8 9 8 8 4 8 711I 9 8 8

Sall 6 8 9 9 8 8 a 9 9Y 9 9 9 0
LIST SIZ22:

1 1 1 0 0 0 0 0 0 0 2 2 6 5 5
TOTAL CONTENTSo 44 AVZRACE CONTENTS- ;ý 3s



SV TIME 0. P0 SEC :RINT INCPH 0. I000

NMCNT P- :c;.T- :'&04 MAt-W 2',0 CAMB- 3 MPP9= 2
MTIME= 0, 05q4.' N.= 2• ..'UF IDOAD- 8
!CFDw 0 NE4= 7992 NIA'= ., ', INLTuI 0 INLr2_ 9 iNLrw- 4.

S- 0 0 0 1 1 1 2 2 0 1 1 ' 2 1 0 48
3 2 1 00 1 0 2 1 0 1 3 0 0 0 0
0 48 1 1 0 0 0 2 t 1 0 1 1 3 3 2
0 2 0 0 1 2 1 0 0 0 0 0 0 0 0

MAIN MEMORY' SIZES
0 a 0 1 i t 1 9 0 1 1 1 0 0 16
2 2 1 0 0 1 0 0 0 1 -2 0 0 0

020 1 1 0 0 0 2 1 1 0 1 1 3 2 2
0 2 0 0 1 1 I 1 0 0 0 0 0 0 0 0

TOTAL EMITERS i'N ,PPR= 79 clvs)
8 8 8 8 7 q e 8a 9 a 9i1 9 a 8
8il 7 q 9 8 q 9 9 q 9 q 9 9 9 9

LIST SIZES0 2 2 3 2 : - 3 1 33 7 2 2 2
0 -I 1 0.O -O 0 --1 0 - 0 0.- 1 , 0 0

TOTAL CONTE'NTS- 46 AVERAGE ON ENTS- I.Z4

TIME - 0.60 SEC (PRINT INCP. 0.100)

NMCNT- 1 MCNTS q9 21 MAX- 200 CAMB- 3 MPPB= 2
MTIME- 0 0594b' MCWL= 023'! MLAMBUF= 2 IDOAD- 11
ICFD" 0 NEA- 9661 NIA= 444 INLTi, 0 INLT2- 12 INL'T3- 40

0 0 0 2 1 1 2 2 0 1 1 2 2 1 2 48
3 2 1 0 0 1 0 2 2 0 I 3 0 0 0 0
0 48 1 1 0 0 0 2 1 I 0 1 1 3 n 2
1 2 0 0 1 1 2 1 0 0 0 0 0 0 0 0

MAIN MEMORY SIZES.
0 0 0 0 1 0 0 1 2 0 0 2q
2 2 1 0 0 1 0 2 0 0 2 2 0 0 C. 0
0 6 1 1 0 0 0 2 1 t 0 1 1 3 4' 1
1 2 0 0 1 1 1 1 0 0 0 0 0 0 0 0

TOTAL EM!TERS IN MPPR= SO ('141")
8 8 8 8 7 0 2 8 8 9 8 11.11 9 9 8

811 8 9 9 a a 9 9 9 9 q 9 9 4 9
LIST SIZES:

0 1 0 0 0 0 0 5 5 2 1 3 4 3 2 4
1 2 0 3 1 2 1 0 1 0 1 1 1 0 1

TOTAL CONTENTS- 47 AVERAGE CONTENTS- 1. 47

TIME - 0. 70 SEC. (PRINT INCR- 0. 100W

NMCNT- 1 KCNT- 10841 MAX- 200 CAMD- 3 MPPB- 2
MTIME- 0. 059462 NCW..V= 10957 MLC4MBUF- 2 IDOAD' 12
ICFD- 0 NEA= 11334 NIA- 492 INLTi- 0 MNLT2= 13 INLT3- '0

0 0 0 2 1 t 2 2 0 1 1' 2 2 1 2 49
3 2 1 0 0 0 0 .'1 0 1 3 0 0 0 0
0 48 1 % 0 0 0 2 1 1 0 1 1 3 32
1 2 0 0 1. ! 2 1 0 1) 0 0 0 0 0 0

MAIN MEMORY STIES
0 0 0 2 0 1 2 1 011120 242
2 2 1 0 0 1 0 2 0 0 1 2 0 0 0 0
0,38 1 1 0 0 0. 2 - 1 0 1 1 2 31

s;' 1 2 0 0 1 1 1 Z 0 0 0 0 0 0 0 0

"TOTAL Eb-ITERS IN MPPRM125 (19i)
9 8 a 7 a 9 8 a 9 still 9 1 8

11 8 11 9 8 9 9 9 9 9 @ 9 i1 9
L.jST SIZES.z'1 2 0 0 0 2 0 1 0 0 0 0 0 6 63 3 2 3 2 1 22 0 2 1 4 1 121 0

TOTAL CONTENTS" 4-7 AVERAGE CON;_ 1,=,47



T!ME * 0.,0 CC,' "*.RINT lNCil" 0.I ')

NMCNT= '. M!: Tz iT461 MAX= 200 CAMIE= 3 MPP2= 2
MTIME 0, :-"5 U42 t4CWL= 12478 -ILCAM2UF= 2 IDOADm 13
ICFD" . N:,- 13001 NIA- 4 INLIT1 0 INLT2- 14 1"!Lr3 .0

0 0 0 2 2 4) 1 t 2 1 7 48
3 z 1 2 . 0 2 1 0 1 0 0 0 0
0 4c 1 0 0 2 t1 0 -1 i 2 2

I 2 0 0 1 1 2 2 0 0 0 0 0 C- 0 0
MAIN MEM.ORv SIZES

0 0 0 2 0 i2 Z 1 0 1 1 2 "0
2 2 1 0 0 1 C. 2 0 0 1 2 0 0 0 0
0 22 1 1 0 0 0 2 1 1 0 1 1 2 3 1
1 2 0 0 1 0 2 0 00 0 0 0 0 0

TOTAL 'MITERS IN ;WPPRL 72 O1'W,,')
9 9 B q 9 8 q a 8 9 8 11 ti 8 a

B 1! 9 11 6 a q 9 9 9 10 9 " 11 9
L:STf SIZES:

3 1 0 3s2 2 : i 0 0 0 0 0 C 0 1 0
0 1 0 0 4 Z 9 4 4 3 2 2 i 1 4

TOTAL :CNTENTS= 17 AVEP.AGE CONTENTS- 47

TIME = O. 40 SEC %PRINT INCR= 0. 10,-:

NMCNT= I MCNT= 14088. MAX= :00 CAMB= 3 MPPB- -
MTIME= 0.059462 NCWL- 14106 MLCAMSUiý- 2 IDOAD- 14
ICFD- 0 NEA= 14677 NIA- 586 :NLTI- 0 INLT2- 15 fiLT3= 50

0 0 0 2 1 2 2 0 1 1 22 1•18 48
3 2 1 0 0 1 0 2 1 0 1 :3 0 0 0 0

K) 0 48 1 1 0 0 0 2 1" 1 0 1 1 3 3 2
"1 2 1 0 1 1 2 2 0 ý0 0 0 0 0 0 0

MAIN MEMORY SIZES:
0 0 0 2 0 1 2 1 0 1 1 1 2 0 18 0
2 2 1 0 0 1 0 2 0 0 1 2 0 0 0 0
0 a I 1 0 0 0 2 1 10 1 -- 2 .3 1
1 I 1 0 1 i 0 2 0 -0 0 0 0 0 0 0

TOTAL EMITERS IN MPPR- 69 (151)
8 9 8 9 9 8 q a 9 9 8 11 11 9 8 8
8 11 8 11 9 a q 9 9 9 10 9 a 9 11 9

LIST SIZES-
4 6 2 3 3 5 1 0 0 0 1 4 0 1 2 0
0 1 1 0 0 1 0 0 0 0 2 1 :: 2 1 3

TOTAL CONTENTS- 47 AVERAGE CONTENTS= 1.47

TIME - 1. 00 SEC. (FRINT INCR- 0. 100)

NMCNT- I MCNT- 15708 MAX- 200 CANBD 3 MPPB=, 2
MTIME= 0. 059462 PCWL, 1573t MLCAJN5UF= 2 IDOAD- 17
ICFD-x 0 NEA- 16250 NI4• 641 !NLTI- 0 INLT2- 18 :NLr3= 51

0 0 0 2 1 1 2 2 0 1 1 2 2 1 31 48
3 2 2 0 0 1 0 2 1 0 1 3 0 0 0 0
0 48 2 1 0 0 0 2 1 2 1 1 1 3 32
1 2 1 0 4 1 2 2 0 0 0 0 0 0 0 0

MAIN IMEMORY SIZLS.
0 0 0 2 0 1 2 1 0 1 1 1 2 0 1 47
2 2 1 0 0 12 2 0 0 1 2 0 0 0 0

03aa2 1 02 2 L 111 23 1
1 1 1 0 1 • 0 '2 . 0 0 ' 0 0 0

TOTAL EI1T':R!Rý I MPPRn 1.• (170)
q 98 10 1 7 o 8 1% n. 9 a it
a1 it ai 9 a q 4 to q q it1 10

LIST SIZES:
"0 0 0 112 1 0 3 5 0 1 2 1 1 2
2 1 2 2 0 0 '0 0 3 1 6 t 0 0 0 0

WTAL C,0NrTzNTS, 4 a • AVERAGE CONTENS • 4 44



Simulation Results for 50 Emitters
"and 2 Frequency Hoppers
No Wraparound in Memory

TIME 0.50 SEC. (PRINT INCR- 0.100)

NMCNT= 1 MCNTz 7592 MAX= 200 CAMS= 3 MPPB= 2
hTIMEn 0.059462 NCWL- 7603 MLCAMULJF= 2 IDOAD= a

" "%CFD- .... 0 NEA- '7992 - NIA" - 399 INLTI= "'O'"INLT2' e INLT3= 48
0 0 0 1 1 1 2 2 0 1 1 2 2 1 0 48

• 3 2 1 0 0 1 0 2 1 0 1 3 0 0 0 0

0 48 1 1 0 0 0 2 1 1 0 1 1 3 3 20 2 0 0 1 1 2 1 0 0 0 0 0 0 0 0

INAIN MEMORY SIZES:
0 o 0 0 1 1 1 1 2 0 1 1 1 2 0 0 48
22 1 0 0 1 0 2 0 0 1 2 0 0 0 0
0 48 1 1 0 0 0 2 1 1 0 1 1 3 2 2
0 2 0 0 i 1 1 1 0 0 0 0 0 0 0 0

TOTAL EMZTERS IN MPPRI139
8 6 8 8 7 8 9 8 0 9 8 911 9 8 8
811 7 9 9 8 8 9 9 9 9 9 9 9 9 8

LIST SIZES:0 2 2 3 2 2 2 3 1 3 3 6 2 3 2 2
S0 3 1 1 0 0 0 0 1 0 0 0 1 0 0 0

TOTAL LIST SIZE- 45 AVG LIST SIZE- 1.41

T'•) 0.60 SEC. (PRINT INCAR 0.100)

NMCNT= 2 MCNT- . 9200 MAX- 200 CAMB- 3 MPPD- 2
MTIME- 0.059462 NCWL= 9216 MLCANBUF- 2 IIOAD= 13
ICFD" 0 NESA 9661 NIA- 460 INLT1 0 INLT2- 13 INLT3- 50

0 0 0 2 1 1 2 2 0 t 1 2 2 1 248S3 2 1 0 0 1 0 2 1 0 1 3 0 0 0 0

0 48 t 1 0 0 0 2 1 1 0 1 1 3 3 2
1 2 0 01 1 2 1 0 0 0 0 0 0 0 0

MAIN MEMORY SIZESt
0 0 0 2 0 1 2 1 0 1 1 1 2 0 2 48
2 2 1 0 0 1 0 2 0 0 2 2 0 0 0 0

"0 48 1 "1 0 0 0 2 A 1 0 V 1 3 2 1
1 2 0 0 1 1 1 1 0 0 0 0 0 0 0 0

TOTAL EMITERS IN hPPR=141
8 8 8 8 7 8 9 8 8 9 8 11 11 9 0 8
8a11 9 9 8 8 9 910 9 9 9 9 9 a

LIST SIZES4 AS0 1 0 0 0 0 0 5 5 2 1 3 4 3 2 4
1 1 2 0 3 1 2 1 0 1 0 1 1 2 0 2

TOTAL LIST SIZE- 47 AVG LIST SIZE- 1.47

TIME - 0470 SEC. (PRINT IMCR= 0.100)

NMCNT" 2 MCNT- 10825 HAXa 200 CAMB- 3 MPPB" 2
KTINE" 0.059462 NCWLw 10842 MLCAMBUF- 2 IDOAD" 14

ICFD- 0 NEA" 11334 MIA= 509 INLT1" 0 INLT2- 14 INLT3- 50
0 0 0 2 1 1 2 2 0 1 1 2 2 1 2 48S 3 2 1 0 0 1 0 2 1 0 1 3 0 0 0 0

0 40 1 1 0 0 0 2 1 1 0 1 1 3 3 2
0 1 2 0 0 1 2 1 0 0 0 0 0 0 0 0

MAIN MEMORY SIZESI
S 00 0 2 0 1 2 1 0 1 1 1 2 0 2 46"1 1 0 0 1 0 2 0 0 1 2 0 0 0 0

110 0 0 2 1 0 1 1 2 3 1
1 2 0 0 1 1 1 1 0 0 0 0 0 0 0 0

L TOTAL EMITERS IN MPPRwl41
S9 a 9 7 8 9 8 a 9 8 11 11 9 9 8
811 11 9 a 9 9 9 10 9 9 9 911 6

LJST sIZESt
1 1 2 0 0 0 2 0 1 0 0 0 C 0 66
S 3 32 3 1 2 2 0 2 1 4 1 1 2 1 0

TOTAL LIST SIZE- 47 AVG LIST SIZE- 1,47



\-

TIME = 0.80 SEC. (PRINT INCR= 0.100)

9MCNT= 2 MCNT= 12445 MAX= 200 CAMB= 3 MPPB= 2
MTIME= 0.059462 NCWL= 12463 MLCAMBUF= 2 IDOAD= 15
ICFD= 0 NEA= 13001 NIA= 555 INLTI= 0 INLT2- 15 INLT3= 50

0 0 0 2 1 1 2 2 0 1 1 2 2 1 848
3 2 1 0 0 1 0 2 1 0 1 3 0 0 0 0
0 48 1 1 0 0 0 2 1 1 0 1 1 3 3 2
1 2 0 0 1 1 2 2 0 0 0 0 0 0 0 0

MAIN MEMORY SIZES:
0 0 0 2 0 1 2 1 0 1 1 1 2 0 8 48
2 2 1 0 0 1 0 2 0 0 1 2 0 0 0 0

0 48 1 1 0 0 0 2 1 1 0 1 1 2 3 1
1 2 0 0 1 1 0 2 0 0 0 0 0 0 0 0

TOTAL EMITERS IN MPPR=147
8 9 8 9 9 8 9 8 8 9 8 11 11 9 8 8
911 8 11 9 8 9 9 9 10 10 9 9 9 11 8

LIST SIZES:S~ 3 1 0 0 2 3 1 0 0 0 0 0 0 0 1 0
•, 0 0 0 0 4 2 8 4 4 3 2 2 1 1 1 4

TOTAL LIST SIZE= 47 AVG LIST SIZE= 1.47

TIME = 0.90 SEC. (PRINT INCR= 0.100)

NMCNT- 2 MCNT= 14072 MAX= 200 CAMB= 3 MPPB= 2
ME= 0.059462 NCI4L= 14092 MLCAMBUF= 2 IDOAD= 16

a NEA= 14677 NIA= 60_4ý INLTI= 0 INLT2- 16 INLT3- 51
00 2 1 1 2 2 0 1 1 2 2 1 20 48

3 2 1 0 0 1 0 2 1 0 1 3 0 0 0 0
0 48 1 1 0 0 0 2 1 1 0 1 1 3 3 2
1 2 1 0 1 1 2 2 0 0 0 0 0 0 0 0

MAIN MEMORY SIZES:
0 0 0 2 0 1 2 1 0 1 1 1 2 0 20 48
2 2 1 0 0 1 0 2 0 0 1 2 0 0 0 0

0 48 1 1 0 0 0 2 1 1 0 1 1 2 3 1
1 1 1 0 1 1 0 2 0 0 0 0 0 0 0 0

TOTAL EMITERS IN MPPR=159
8 9 8 9 9 a 9 8 9 9 9 11 11 9 8 8
8 11 8 11 9 8 9 9 9 10 10 9 9 9 11 8

LIST SIZES:
4 6 2 3 3 5 1 0 0 0 1 1 0 1 2 0
0 1 1 0 0 1 0 0 0 0 2 1 6 2 1 3

TOTAL LIST SIZE- 47 AVG LIST SIZE- 1.47

TIME - 1.00 SEC. (PRINT INCR- 0.100)

NMCNT- 2 MCNT- 15694 MAX= 200 CAMB- 3 MPPB= 2

MTIME- 0.059462 NCWL- 15719 MLCAMBUF- 2 IDOAD- 20
ICFD- I NEA- 16350 NIA= 655 INLT1= 0 INLT2- 20 INLT3= 51

0 0 0 2 1 1 2 2 0 1 1 2 2 1 34 48
3 2 1 0 0 1 0 2 1 0 1 3 0 0 0 0
048 2 1 0 0 0 2 1 2 1 1 1 3 3 2
1 2 1 0 1 1 2 2 0 0 0 0 0 0 0 0

MAIN MEMORY SIZES:
0 0 0 2 0 1 2 1 0 1 1 1 2 0 34 47<..--2--2--•.2;-. 1 , 2 '0 0 1 2'. 0.-0 0 0

1 1 1 0 1 1 0 2 0 0 0 0 0 0 0 0

.TOAL EMITERS IN MPPR-173
7. 9 10 9 a 11 a 9 10 a 11 1ý 9 a 11

"8 11 8 11 9 8 9 9 9 10 10 9 9 10 11 10
LIST SIZES:

"0 011 2 1 3 0 5 5 0 1 2 2 1 1 2
2 1 2 0 0 0 0 0 3 1 0 1 0 0 0 0

TOTAL LIST SIZE- 46 AVG LIST SIZE- 1.44



APPENDIX F.7. Program Listing and Flowcharts

The main program. File EVS4. maintains the callinq sequence for
the various processors in the system. It consists of 15
subprograms. as outlined below:

ROPARM - reads in system and environmental parameters for each
simulation run.

INIT - initializes all variables and arrays.
TTIMST - returns the minimum next on-time of an emitter to Main.
NUAGE - establishes initial values for all emitters.
NEMIT - computes and/or updates the parameters measured by the

Receiver for each emitter when it turns on.
RCVR - detects incoming signals, measures each parameter, and

stores the data for output to the associative processor.
ASSOC - accepts data from RCVR, compares data to the CAM via

CAM4, updates the CAM via LCAM and sends :nmatched data
to the array-processors.

CAM - performs an associative comparison of t,.e top of the CAM
buffer and the CAM, and counts the number of matches.

LCAM - loads the CAM when the CAM is not busy, and loads the
CAM buffer from the array-processors buffer.

MPPR - the array processors, accepts unmatched data from CAM.
types emitters and adds new emitters to its memory.
Calls routines UPDAAM and UPDM to update unmatched data.1( calls PRIP to compute PRI, calls CONFIG to configure the

i LIST.

UPDM - updates memory when unmatched data from CAM matcres main
memory as a frequency drift but DOA does not change.

UPDAAM - updates memory when unmatched data from CAM matches main
memory as a DOA drift.

PRIP - computes the PRI for eiiitters !n dynamic environments.
CONFIG - reconfigures the LIST based on the aaximum and minimum

PRIs of the emitters currently in the environment.
WSTAT - writes statistics fromi the simulated run at specifed

intervals.

Following are flowcharts for M•AIN, ASSOC. LCAM. CAM. MPPR.
UPDAAM, and UPDM. Also included is a listing of the entire
program.

i

SEI



MAIN ROUTINE

FILE EVS4

READ ALL INPUT VALUES AND INITIALIZE CALL RDPARMS~~CALL I,;I T

GEIRATE INITIAL ENVIRONMENT MODELI CALL NDAGE

UPDATE & COMPUTE ENVIRONMENT PARAMETERS CALL NEMIT

+r DETECTION OF SIGNAL ENVIRONMENT CALL RCVR
IN

< DETECTED DATA READY FOR ASSOC PROCESSOR ?? JXR

COMP,.dC TO CAM FOR MATCH CALL ASSOC

AN UNACE DATA FOR ARRAY PROCESSORS ?? NJXA

COMPARE UNMATCHED DATA TO FILE AND UPDATE j CALL MPPR
OR ADD NEW DATA TO FILE

('ANY DATA IN ARRAY PROCESSOR INPUT BUFFER ?? IMTAG

' ANY DATA IN ASSOC PROCESSOR INPUT BUFFER ?? I ATAG

YL ANY DATA IN RECEIVER INPUT BUFFER ?? IRTAG

I FIND ON-TIME OF NEXT EXPECTED SIGNAL CALL TIMSTI~I
JTUPDATE TIME TIME=TMIN
ICALCULATE NEW SIGNAL SORTER POSITION

EWRITE STATISTICS

< CURREýNT TIME LESS THAN RUN-TIME-?? TIME < RTIME

--- i

• n

-• ==- "- ' --- '--



SUBROUTINE ASSOC

a ' SET FLAG: DATA READY FOR MPPR

I MORE DATA IN CAM BUFFER TO PROCESS ??
IN

<-INPUT BUFFER OVERFLOW ??

STORE INCOMING DATA INTO BUFFER

I GET TIME OF TRANSFER OF DATA FROM RVR

RR< TNSFER TIME LESS THAN ASSOC LOCAL TIME

INPUT BUFFER EMPTY ?? >÷y
ISET FLAG: NO DATA FOR MPPR 4<

SSET FLAG: DATA ITEM IN PROCESS __ ,_

| i F• ENOUGH TIME TO LOAD A CAM WORD ?

ILOAD DATA WORK INTO THE CAM (CALL LCAM) I

£ ~MATCH A DA•TA WORD TO THE CAM (CALL CAM)

6



SUBROUTINE ASSOC (CONT.)

i < ~~MATCH IN THE CAM ?? , .

2 I UPDATE TOA FOR MATCHED WORD I

LIST BIN FULLI??

" LOAD UPDATE INTO LISTi

"-I LIST BUFFER 7 ??

_FIND BIN TO LOAD LISTJ

LIST BIN FULL ??

- LOAD LIST BIN FROM LIST BUFFEýR

j GET NEXT ITEM IN LIST BUFFERI

iISTORE UNMATCHED DATA IN ASSOC OUTPUT BUFFER I

GET NEXT ITEM FROM INPUT BUFFER FOR CAM MATCH

t UPDATE LOCi/L TIME

- MORE DATA IN INPUT BUFFER TO BE PROCES$LD ??->

i SET FLAG: MORE DATA TO BE PROCESSEDI



SUBROUTINE LCAM

iFIND LIST BIN FOR LOADING

SLIST BIN FULL ??

ILOAD LIST FROM LIST BUFFER

-• I

IGET NEXT ITEM IN LIST BUFFERJ

TIME AVAILABLE TO LOAD CAM ?

y
CALCULATE TIME WI NDOW I

S7LIST BIN FOR TIME-WINDOW EMPTY-??-> yF ~N_
"j -:,,LOAD CAM FROM LIST I

liIGET NEXT ITEM IN LIS BIN

TIME AVAILABLE TO LOAD CAM ??>
- •, iN

S(. EXIT ( ....

).



SUBROUTINE CAM

EXAMINE FIRST REGISTER

" -- EMITIER DOA = CAM DOA ??

<EMITTER FREQUENCY = CAM FREQUENCY ?

MATCH FLAG = REGISTER MATCHED

SET FLAG: NO DATA FOR MPPR ]

rEXAINE NEXT REGISTER

\ -ALL REGISTERS EXAMINED??,N

II

.)

fyL z

CE.T D C s



Vý.'IBROUTINE MPPR

=1 NLE INPUT BUFFER TO BE PROCESSED ?

-< PDE TBUFFER FU-LL??>

i COUNT NUMBER OF OVERFLOWSJ

<,,--CO NT EXCE.EDS.1.00 ?? _>-!--

IF__TOP_._
I - - eiLOAD INCOMING DATA INTO BUFFER j

- SET TRANSFER TIME 'OR EACH ITEMkr-

I COUNT ARRIVALS TOMPPR

- TRANSFER TIKa OF INCOMING DATA LESS
THAN LOCAL TIME ??

•-/. DYNAMIC LIST CONFIGURATION 't?->Iy

I RECONFIGURE LIST IF NECESSARY (CALL CONFIG)

SET =LAG: DATA ITEM IN PROCESS _

I SET LOCAL TIME

S< INPUT BUFFER EMPTY. ??

.) :SEARCH MEMORY FOR MATCH ON FREOUENCY AND DOA'

A



SUBROUTINE MPPR (CONT.)

NY 

A >

MATCH IN MAIN MEMORY ?7

PULSE GROUP OR REGULAR PRI ?? '

CUTNUMBER OF NOMATCHES, DOADRFT
A___ ND FREQO4ENCY DRIFTS

CONTINUOJS WAVE OR JITTERED FRI ?_

IO F PRI (CALL PRIP

DOA DRIFtTON EMITTER ??

gN

"UPDATE MAIN MEMORY (CALL UPDM7L

. TL GAD NEW DATA iNTO , EMORY MODULE,

_...PURGE OLD LOCATION (.ALL UPDAAMLj

INSERt UNMATCHED DATA IN MAIN MEMORY

<3•..AN ..MEMORY ILE FULL ??

-EX I t

7J-- -L~pnATE LOCAL TIME

GET NEXT ITEM IN INPUT BUFFERJ

INPUT BUFFER EMPTY??>

SET FLAG: MORE DATA TO BE PROCESSEDJ

.) • E._*K X iT_!_



SUBROUTINE UPDAAM

STORE MATCHED DATA INTO CORRECT DOAI
MODULE IN MAIN MEMORY I

INPUT BUFFER FULL

"LO UPDATED VALUES INTO LIST BUFFER]

PAC MEMORY IN BIN FROM WHCH DOA DRIFT OCCURREDI

TEXIT

SUBROUTINE UPDM

It MT.L..ATCHED DATA IN MAIN MEMORY MODULE_

I !LOAT UP_.ATED VALUES INTO LIST BUFFER.

E X _

-)
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LODCA ~ ~ ~ r &6, 3)ACi1PELL25
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'LT --. 13i.~ X ~ DC

ZTV
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c TMG ED IZTW(4fý: Clj ýPt4-- A'-flI.AT TOA
C'h M1, r.L i.) O.~~~Ci* F~ EMIITTER L

`I- 7 N. F. T*~ . "NE ,O

,:ALL.CPv

1;~ 3 EM!TNt'PI T I14

30 CALL ASSOKC
197 (UX.A. ;',,r I TO- RO

S70 CALL i$Fpp
00 IF- TA*1. -1* 20 TO, 70

S40 IF (I Al'A(. " 'i 1O 10 '50

~ UTA~. ;i~~. (1TO ý0

EMI TC311'011'-: *; I-=EM 1 T") NFITR )ýM. 7P ,To ~jNPTfR, 8)

"P2 ~T 1ME'=.TIn E
:AL*L WSTA"
!F(TIME L-T. R NME~ GO Ti0 IQC-
STOP
E-N D

"Z;



I MP1.-.T-11-41..

OHM; .4CI~~ Y ,m,14

.4 - .*.t. 7 L w P '' 7 . 1fjL

~uI~~r/L5H.'.FF! ( 33,.* LA-' "SI £ t-C, Aý LOP, I DEL, NNOD.

THIS G3UfROUT1.-lql..~D IN I H-. iPAtr7A! i L:; FUN EACH SIMULATIUN 1.f

C IWR JTF. IPT&T I -WR I TE, 0-UGQ~ MTPUY
TOi GENEFRAJE OtNiI'~.WAVE EMITTERS

*.ZDJ zu DE~' iO~U Ai> ThJA- CHANG'E
u:PRI. U~SMET PiRIH AND PRI-i lK~AL

NE ~ ~ U~~ Ul` ErilITR_
PI I H r:,AXIMUMA~~ ~PI: U INTERVAL

FIL. ;~NM~~LE TI t 1 Vi P ICNINTEPAJAL
EMS: P. Z j_7ri ýA? 4, ji IS EN I NT TI AL ON T IM E.2

-IT& ASSOC PEF0-C. TIMIE a-l Ci-('NSIN'R2T(

c TIFM': '.-O R. F.IO TLM* T TiIHE lCN MICRDf CNVTR)CT

T DEL D y.j LA%' i- 'K SCEJ N' WORD OJF DATA
0 NMD: j: izC ~i~. ~~* -rH&k (LQDCAM) L.CArl£i~~

C N~4P~1: j!3ER f"Eii"' ~X'i IN ýLODCAMI L^AH~ STil.CI
r- NB IT: T'TA .r~~~OF ~T ~~

07ON ':" FTERi~*~~ 'S -BEr FORE C N IU A I)

~ '~nE.t~-~~1I 3ri.G.. LF~*=NE, STAYI
: F-1TME: 2 PTIE ;:^0p Mu1LaC: ON m 8fCONt)S

3 17RIIArA '1 -3: UA W_!'I:I _N*. - iFOR TERMINAL INPUT'

IF IF 11- GiZ. W P
c-_lKV X 7 5  1 70, 'Vr[ ALL 71rFUT,

;7;, E DA T4 L'-

E, 4 D I, C J F. E:~ Y l

G W T f 60.,

, 4- ,..ý

I.. I , ' -- "



i30' ~C r~1 i.-R o2hEJ Iu EmUNC I- J MT TER S*')

FEADW. I-

*1(IF-LE

i7 AD.1 k :

11 (1 :(I L.E. WR I -.

~1RM7AT5 P)

_11 I .M-i

FEADl~ ; E!

2 4 ZF!QR&MThY1, ? X ~ Clp pFi F1E r =:

TIAi.LI

'14 OQR T( tX F R Q; 1ITEH I~ rEIEc prsELR u, OIcpt C rFu
RED T

I01IA~xT''7 i~a
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*4,1 R* "Nb*.1b*2-.--, .. l' -, PW I~ LT 13A AD-1R i-iw * **** 4.****

P -~ I -M .S 1WRI-1':L

I :mv~4 Mz;P U I I M .F A I Bn' C'F 6 4,

&.~'M'~j/.z~ ' ~ A~P* ~'~).~ it,01P, TMAXT- iWRIT , INAD

i RIB (4,& ýRIB(6~4 , LRIITlY[ PC TLIJC, Lk 6~1ZLRIT
'~M(Th, A~,R, C~2' .AXiZ, :SiUASI LOP, IDEL, NIIGý),'

mI I QOCi~~.~ 144 F* i C -

2 11'4LTI, TN. :" NLTS
ZQMUN/ s f IF.'I N1T, ft'E "N' T ME VyR

C TIS U)3ROUrT lE T I AL. 7 ES"i4Y Ql): T(HE VAf-. AL.,LES AND AF'R AY 5
CWHICH ARE U3;:-; C- THER C02I~; ~; DITAILS ON VARIABLLE.;i.

SEE THE PA.IA:,' UWRC3TI
K.EV YAP ~lrD--:

C T I M: ST'IALLES- N-EXT iZEVENT ~ '!~SRTIME IN E1N'/'T
T1. ASSOC -1ES*OE T lUN SE"iDW-;/S--ONVE~R ED FROM iCO2

- . Z AX C-2 -f~ 1- 1 -07:7 l~ F
CoN*ST: USE') 'i ýAlpGE ATTENP..)ATI F?:' I 1 Us!. I N SUI3R. r,!E T

Scl (IB : 1_ --
r S L ( I A NIT E ; l , ". P A T T EER N.

EM JTR I1 I4 A) O1~ F AF~RRIVAL. L3- LMI'TTUR II

C START

7T iR= T r'-IC.

TNL=O
DO555~ J~j

i-rC"Al1p I1 =0

DO 556 IA~iscAf
~,DO 5!61 q) 1

DO 556ICI

DO557 Fr.J= 1

* ASTLUf -..
Tl1PiK=O.



F T .'F- 0

.z:LU'. -3

J X I.,-- .

NCWL.=,-
INL.M=O
III1TACýO
!ATAG=O

IFAN=0
JRAN=CO

M1AXCA i '-=O
M-A)(M1PF-O

U!l S 17 =

B=io. *>11l

'-,FILZF3 NC'. ýGT 1t

:PI H=OI~.

I1oIO NE 1r1=0'
NEAz-0

I 4A=O

7 SL(I)=- i. -066-1-FLOAT rU- I
R.ETUR N
END



77 ________________________________ - - --

rVs-*ji k .-z4
c1Ti/Ef,:C:'.L'P CONST, NE

'.TH i c-,t3CY!J-1 I. E" J'j I I'J- M r m* TO '~ t I
~ , ~ hi~jPT~~, ~ l riA-NU Ai-. In-n: f-'r TO THAT ElfT rERiJp:,I N~ H~ NtI ARRiAY .r1  EM1ITTERS

Tm~ I N= P 1CN~

5-0 ONT -1N4UE
RETURN
E N D

It 1, 16



19- -a-- ti J ,

4, Tj j Pf

.2 1HI~~3UQ0U1~ ~ ~ADI :.' ~I r~l LQ7i~ FOR ALL EvI 1TCP:,
2FIEELD DEFIN.frI Of THE !-,",iENTF "RP-orAY F04 EACH EMI T'TrEF

EM IITR f I. - 1--1E='JTr~ Ui~R J=DQFINED B3ELOW
Dv ;. - .AcVN I~ Gr fD'NAL S"DTER 1111E

C 2. D -- £'~LACE VNT ~ £A i AN4) S',31NAL SOFRTt~ 'f T.

4. rIANLO~ tssE- LiTrE 1DERE E S
SID L.CYII i..Oss N* .-; rIBE:LF, 1`01,44 FIF0`1h MAIN 13EAN GATN

c 6. MAX. 'N'r`7fJ;--'A AN. 'LE *- r ~3,Arj .I jIi' r OF ANTENNA IN DEC4REE5'
C. 7. CA N *AT.- IN

C E. RI -P~L.~ ~'Err IN 1i7PVPRL IN qECONDS
C I. P ULSDE ,yT-

C 10. R~c~UNC~ -IN AH
C 1. ON TIE -TME- 1I- h~~0 S TURNED tN BE-FoRi

CMAUJIIMU;'1 (:thi-rINi.E I-.tMW
0 1.OF P. M T IM 0 ;HEC tb LITYER-1IS TURI\',iE*.) 0=FF

13. iCR.v- PCOAER .EEL'FJ1 1TTER 1 SEENq AT E
C,'RE~:IVi ANTENINA

c 4. TOA -r 1.IE OF AW: [Vt.. OPUANMTT PULSE AT P.CVR PANT1E~rit.

111PE"CTIU3N 0'- ArRRIVAL- CFT- )'Pi-Ný:,!r7 TED PUL'Sz AT RCV01 A;11.
C 16~. FL AQ7.~F~<DA OF Si

C 7. INITIA NTENN."ANL -'0~ I I DE -REES
S, ,, -UFA C EM1N DF AE!Ti J W S IG N AL SQ1RT E$ P. i r.*

d I~ iIN. -PJ~I.A AN-,LE LOWEi4 E3CAN L-1,"1T IN DEGREE.Eý
C 20. V X -~ i'LC 1 TY CONH~lL-J1-QPbT G:r SI' 1CNAL SORI ER PLATFD3RI1

V 1 iy '~OlY - J'ENT 3 fLAi SORTER PLATFORM
Cj 22 ELZ 0 C VLiI T' YO'tN C:% L3IGNPL DORTER PLAlFr--RP

23. TYPIF: - 1V I N r7, E~I TEE~ P, I: I* D C 0LL I S 0N 0 0; S Ed
24 SIFAPF

C START
DO 1~5 J= IF

MI TR %,L.2 Cu\'

C INITAL7;ZE YEL 7VIYE 0r IOlN.` E~rlf fr',EP3

EM I R( J, 2-3,)=-I.j~ ~ j.- -r.~(2 1 ) (R AN:0. -100

DO 1 0u I i - vic

Em I TR & 1,4 1 R.,, Q 0. c -'



EMITP', I)=:.." .,, Tf0

j: pf. N.

G ENERATE. PRIE~ I~T~~tE ~h~~70 1 R3CN'
" 7EtIT F,--N 1 Tr:IRAN)

CM( t~iTR I, 3 4. 1!: . S' ~ iF

EM, IT.P( ,':- I ." MAN),- %', 00'+1 .

c 1, S~E W If I". I I C W. 1~ 1rE- ; IIE
: ND t E() f) 1 ,Y -- 000 1

C, ,IT,'. +, , + . g T .I.. 3

EMITR(L, , 1 R ANXLIR, :tN) ;
IF(NE1. E 00G.3T. 0 P. -,O
!r-(1. GT. 100) . ITR. 11 -"EMITR( . 11ý)- ,.

EF(l CGI. I&J CirUZTF.(I, 1 :-rM TR 4l ~ +E;%,,,-
F ( 1 T., -0' , .; TR 1, .1' ,,'.,T. *.•+'1 +-0":,

8 ,) EM I TP' 1., 2; 1 Vi;:•, 2R N - .)O OS- ::'

I rT

SIFN R E "•O~. •' TO 810

• ( .T .~ 1, 0 E6TR ! 1-tE-6(.1 •-r=

•.~~~~J PF( 0.E. 0 0) E•TFI 0 1)-MT.I i 04ER'-

c2 INIYALIZE E1TE3WITH PULSE'~~i9
DOC 2 0 1 4 2.;-,
N=I+J

DO 2• T . i, -
EMITRU N., J " .21iTp( I• ,J)

I EM I TP K, J C6 I (0.

F(...!O TT RI I7(! 1 -is ! i0 R
C NCALGULAE I T ' R.L O WIT R UI TR:TEP.

20 200I'. N..-1DO 2 •i "

EMi R , o J• ==.. FO R ( i, d EY

30 EMrI TR ;.+, r' TR I, KJ

20) E'I"RIT PR(K , i :-j•r TR 1N, .)-E :TR;, - .

9 p AP1 -rppriC

I _TRI,_4" =: •..

WRITEi6, 1!=M I'(. 1 i

RCWý

E iO DO 0I 3 ,E -



T! C.Ul I'.ELlj IC-4

I j7 IA CMTj ON
k E y VAR (i .- , B'

ýp FR ' .F".IIrxr: ~U.~L T~ PLA rFORMT

R r. ST GH 7  '~.ID 5Th'!,CE BE Ti , - I;EF AND PLATFOHI'.1-

.4~ 4K~~ :WNP --EriE" INE Q- & FIR AND S.
C. NE. 1C.:M*Gi-- C&F :MliTTEP.'-'* TN TIrHE E 4v q NNE N f

6-MA.4. o"I'NT A~C:. 7-C IA.TE: 1:1011, 9-PU-S&'E WIDTH.,

F T 3 E. --,T 7-1- 7-,, (J, 2 'C~3T

1 1: M J-TP: FR. TIN~ TF'

IF-~IEMTF~(Mj 7F ~ r1R.,) :iPJ, 7-EM I TRJ, 7)
* ~ ~~ IRE'2PJ, t.' LIE E':I1TR~j ~ TI '~7~-~T~,7

I P'NEIK IT PJ: 2) .0) 1`( T C ý

1 iTRJ, D/F

ENY:T::" t J, .:!: TF X (w liEI, ' J 1 4C-Xi J

EP4 T 'J, Q8~2 CO. (WZ /Il+.-(3 ,,)~E1I~(

C C AL C VL.4 P- P 0V- 7 F 0R IT 'I ~r4G EM 'rE
EI, Dx~ TJ, i .,1 !1-.J :mIP',2

- ZEM YTR C' -

'FDY INE 01 EC"CRJ 'i.TAN-YiX

C DETECTJ-111%, Or'~ ~ r PO)WER --- , -

-. j8D



4,,

~V

Z N;Vxzý

. ¾ -TMO-~ iý+
WS~

m zl-ýX ý 64

A's

V~'-

*J W e 'l

71~

~"1~Z4

"4- -1-

`5 m J tý

NQ
- ~ ~ '' -

A" A

M -~ X L *1

-
,-

-c Wc

ý&2 A4

WA

OMA 4 '-,k

b~024



E Ttna

J4 E ED20 : thM)~\ 1)~ T0 !1i M OF'Ot 1.:3) ,

Cj, C~ CAC LATC I EUWY U')'C ?Th

E3, COTR - RJSI-2, G R/IE 5l
Ell0 ETKk J,4 T ,1(2

: J.E Q. IN NDS R ,i ) 0 .*

c >,0 Ii
I2) R I LF-E P i-14 Wý L -,



I.' I I I "_** - ?-

CM I 0 ngI-

COMM0 ;,L)YP'iC2F (o 4 )J U ý!U -,A-' b o '#I-:k~l.L 16) , ACEL~I 16

Cc%*h;lM(JThl/ JMP',F~f J2 CW- J 7 Z'.JFFH, J.1- 0A, J.(-' RV

11,3-iU ROOJT !NE -:)ýhC` S IN'_0Nj'i(4 8XN lS; l'_Af;URE EACH PARAMETEFk.
C ANDi* -STORES TH!. f.-ATA I N TV RECE I'VED UJUTPJ LUFFER ( LR IBlJP)

1 X: X p AT;; TRANl~iL~f, !-LAG. >)'%).ZA PEAi)Y FOR ASSOC FR(.T P! i
:1. -Nn DaATA READY

0 -A r:.JrF*FE--, ELENT IF 1EIG
C TIME: 31GINAL ARRIVAu, TIME AT HCYR
C EM ITR (J, 14": iOA

c LPIBT: CtURiRENT S1-1FZ: IF RCVR INFUT BiuFFER(RB*4)
c Rll:,(LR~5T, #)- FECEIV03 IN'iPUT i;r

c e~~i-*CfA' #$-F~W- 423-DOA- ý41-RC"VR POWER, #5-FIRECI
C R IB13i T): EMIUTTER ID N'UM'BEP

lp: %*Jl,,ER OF I7:ThFTERG f-N,4lY7ErD IN EACH PASS THROUGH
CR~E:C*VER ILOCAL VAR!ALRLE)

C 1 IRF: LCLFLA0. -EIT IN FIRS.T BUFFER LOCATIO)N ,cýDf
flSEEN, I -.ýr I TTEP 3EiUN

C Ii3F: LorZA- FLAG. 0-C-URRENI' EtTTER IDENTIFIED Bl/ IP N107V
c SE!E-N, I-El"ITTTER O3EEN

RIrT: Dl FLAG; I-SWIrcH ~A~,0-140 SWITCH

L STARTV
I F (.1RYA C. -I; E. Ii Q0 T10 4 0

CTEST INPUT S REAM FOR DZSEfRYA13FE T'4,T
DO 80 ~J~1fl Mr

SF (EMI TRJ 4:.GT. T I E.)GO TGJ 60
C ADD PULSE TC2 Bifl ý7R AND "'LEAR. lfLD) TOP

SF (LP 1 BT.LT. *4)3 TO 611

e2 FORMA-7ý2X 'fIRC.VP IN OVERFLOW')
GO TO 80

at LR I IR1 LP'BIDT+,

12 (LRI BT, 3) 17I TR (j, 15)

IPIB l(LRIDT)=.J

~OPEDER DUFF~E'ý 13V TUA Ills 4'SCEOIDINK ORJ)EP
- IF(LRIBT. LIT- 1) fv% TO 69'

91 LF1T=0

DO 9~0 iiJ.- 1%.



R~ 18 i J ý~ T(zi

I B J

R I T CiJ . 1 (;J 0 0 i
TET R'ýFF-ER VVPTN . ~EL-

(~AL. IM. ;E 111 t.13 T~ ),7% M) '7C,
101TAL 1ZE

-c A-,ELL K 43

so0 C NTXNUhJE

C TEST FOR~ FRL).E
1 F( R IBI r, A APV-10 RIB( IPP,5). -,E. 13)GO TO20

TTO1

TE-S(REIFI3UP,4 A~ 50.)OT

IG4T24

c CONFUTE THE PO:;~F. N~ EA.. LCL

DO 2 ICELL-I- 1-6
ANIOLE=M10-LE- ,.q63
!F (ANOLE. LT. C AGEL 23+NL
TFJ=B W BI P, 3) -ANGLE)
IF (THEit-LA. Gf Ns 16) THETA=&. 28:312 THETA

* THET/,"-)THE*Thi~o 7. 2,958+ý 5

C TEST POWER AGAIN1ST PRIOR LEVEL
IF(PT. LT.A(NLCIELL GO~ TO 2
I ACIELL ( IC-E'Ll- P I( B I
ACELL ( I CEL) =P T

2 CONTINUE
IRP=O

FIND BEAM WITH MAX POWE'R
DO O=t
Fr( I MFLi-(K)~. F-C 0. O1) ~ TO 10

IF (I ACELL ') Cr. I91i3(TP)) 10F=1
TF(IACELI(ýQ.14E 1R113(.i)) W,~ 0 10

I(IP. NE. 1 1 ,1 TO 10
I~iC'EL(K) '. T)Gil TO 10KT-I

PFYT=A E.G -.'%$- .



41
IrA L~c. ACELLL'~ , L! G TO~3

~uTO 33
51 ~ ~ ~ ~ .\~CLT-~~ (LL'

33 'CONT 1NUE
TE-ST Frfill Pj j' "FrILL P ".:3 E

IF(IRF.GT.O -0 TO \

PU LE. ~c2T
M00WJIFY PULSE &T' AL) F.; 7 U-i

:O TO' 18
14 z(h'. L-E. %' -u T0 37

I(I OF. GT.O 0~C TO 17
C MODIIFY SVflE(&U'-T ARiRIV,;LS:l

17I B(IP , i) A L

C TEST FOR OVER-'t..;ý /

TESTFE BUFFERF
'a rIBU(LR,"J. !-4%-~ GO FFEG TO3W 41TA 5EMTE D

W PA I TRE7 , E iY. I3i, N

C AE VRIABLES: J4T~T

CYPQJ VAR IABLES3 PPON RZVR. INUM=EMITTER ID:4
RCr I LF( T.: M~E AT WHICH PROCEI$ G OF D4Th WORD * S C u1HL'E-E!
RCTLOCC: L'JCAL TIME IN RCVP
RTXF: RCI'LOC FOR TRANSIZER YO SELIC

0 TIiR: PRV.CjC:cS STrhP yjtcM Orp tVRCP( E

41 PS=L'!T7-
C OUANTIZ.F. THE rj&i; EETWEEN. I AND 64
eLR I UF (LRI 1 Z3!.:, 1 (T*4 4I DE L

TF(JZI)OA, E-0. 0) G~O TO 52
0 ****-A~ MODIFY DUD'k *-**NLY FOR THOSEl E1IT-tERS WITH DO)A=2

IF(.F~3UFLPf~?,1)N~8) G~O TO'- 5 2
Y=-.RND ( RAN)<. I1

i.DOi4CKY

�Q.~-UANTIZE THE FRi:O IETW-E~N I1 41D 3O?

WVANT I E THE P!~5 W IomT

GLJANTXZ-E THE TUA
TOAr=R I(' E 1 0O. **

* ...AD. T. ) * O ff: J l 0



GO TO 6*7I

.. D F'cLFR I (70Abý

- STOP EEMITTED '2I- E

P ~OP UP STACý1-

ILR 1Hi ):~r I T

* * T~( 1 ~~ir TRO

GOLR3I.T TO 53 TL 4

'DUF TZ -ml^) 00 TOTI

R CT I-O-RC BOF T

D0 O 15IiLXi

DO30%=LR1 1,
1 RE0=LR~ I )=R(:i, 2,

IF PW=LT..R I BF(IF 2'L

~I T-R~f*4= LR 'I S 1 'U ( -1)~ j
I NT=LE.9 *AIf:ý .LIIZ(E S'TAG=

IcU ( 1 P(. r"U -



~rE~ A~C~A CAG. AMPIR, CAIML104_
r:Qs'MMON/RCvý.' LýF;u Ic !v 10I tr)A. 'rýt-t .. iii A, 13, IR~s P:.ryP
-0MM0H/A..t:-4',;1A5 f ATAG, A 1 :Fv. I XF(~Y 1~ -AS IWRITP LAI

COZMMON/FMSQ,L c I-5FF ( , IF,,N

L LL' C A~;Ž., 31' Id': .AN),

C OMMON / TA /n'NTI ~1C1ST; MA-3 flx/;',AX~i-PF TMAX TO,~ NCUL-JL 114LM

.. C ASSIOC ACC.EPTS O'A iY FRUM RI 'V14 PEiFR~l*CM$ AN ;AI-30C'IATIVE COmPic.RIS0,Q
C AND SENDS UNMA (CihED DATA 'ro NPPR.4
C KEY VARIAB~LES:

C JXA: DATA .rRANE:ýER FLAOQ C--DATrA READY FOR 14FPR FRO~i' A!:3iCP
c i-NO DATA READY

~ C IATAO: PRCESSIN0O FLA'O: I-MflRE DATA IN CAMBUF TO nE. J3.

C NW AT 0-A DUPFER ELEMENT IS BEING PRO,'E2CO

LAItSIZ: -0 1N TE IR '(- SIEý OF AS3SOC INPUT BUFFER ((l.ANPUF)
SCAMBUF(LAISIZ, -7

I -00A,. #:2--FPREQ #2-PW.. #4-TOA.. #5-EMITTER iIr.,
C? C-1 NEA- l,,Um~SR OF EXTERNAL 6.RRIVALS

C RCXFR(L"*I`:Z): -.RAN-3Fflý TIME VOfl EACH,: ELEMENT FROM RCVR4
C ASTLOC: 3.OC AL TIN.IF FOR ASS5-C

C TIFM: I NSTR TI*-_E *fO L.OAD A DATA WORD INTO THE CAN
C ASTLOP: PREVIPUS UX11T Tli,E FROM ASSOC

C TLs.OAD: !!ME AVAILABLE TO L-OA01 DmTA INTO THE CAM
C MAS: CAN IMATCH FLA(-:: I-NO M ATCh&ATH
C M CN T OFMBE _r W$'1A ICi a
C LCSM: (LOCCAL VAR ' POI11N:TEP S3 INODULE NUMBER FOR L-ODCAll
C LDCArIP (!CSN1) POINTER ,-DiMnDULE- LOSM

C LCB UFF I1 # LOAD 19XFFER TC:ý TH:: LIST

C LQDCA',l Or) -DIA, 02--REQ, #43-PRI
C TIA. ;NSTR~UCTION TAIME TO CQO:-ARE A WORD WITH THE CAil
C IXF( l-4): CJU, UT A(~ElAY F-OR 0JNINATCHIED1 WORDS

C !*-DOA, 42-FPEG, #3-PlpW, *4-T(JA, '45-EMITTER ID-41,
* C 4ý6-MATCH rLAO ('MAS)

C TNL' POINTER TO SIZE OF LCI3UFF STACK
C ATXF: 7PANSFEki TIMEF OF DA7A FROM. ASSOC TO MPPR

* C START

*Ic IF ýjXR.EG.0) OO0ci 7
IF (AA..1) GO TO 20

* C C.HECK FOR B3Ui-E OVERFLOW
7 IF(LAISIZ. iL'1. ap2) on. To ii

I IF ( J JRITE 0T. 0.) WR IT!:(6,1±2)
t~2 FORMAT(2X, '4'CLPR QYF')

GO TO 21
C STORE INCriMIN'P DATA WO.)PhS 1IN BUFFER.

,C ANPWULAI',jU 4&LEa 1



CAM ~IL~;i; 2YIPW

NEA=NEA-2-

C TESI F-CPi rI FjKER I

lF L-T.

I(A;31'LO' J..I QCý'F~R%1~ .c.c* r
!F-(LAIISI. j.1 ) G1 Ti-. 2,D

R ETURN

20 1 ATAvlAO
ZTEST FORH C;4 I .,L,%iO

TL0A!I=RC X 1Y k i -ASTLOP
ltt(TLOAD. LE. Vi'Fh.) GO TO ',ý
CALL L.CAN

C TEST FOR ASSO(~t.!'i!VE MATCH
55 CALL 'CAM
C CHECK FOP WO:Th viATCHED

*IF (MAS. LT. I ) -:.,U TO 60,
MCi'4T=MCNT± i.

L -)AD L0t1CAM, ý:RY-- C'AMBUC AN J PrAJ;i* N"OA

IF(LDCAMP(J>C~iil) GE. NWIFM) GOC TO 1-13

LODCAM t LC S;,! LDUr1, 1 =C 4iIMPUF i~I)
5p.e CONTIN~UE

60 1 F ( NL. L-,.i I ,C TO ýil
-C SM=LC 1UFI' , 2) /NB I T

LC.SM=M0D (L,*3!l, rMlOD) +;
59 IF*(L.DCAMv'%LCS.9."1. .0E. NWOM) GO TO tl

LDC'AM P ( L C rI4C A MiP LC M + I
IU~.CMPQ~i
DOQ 62 I-if

62 LODCAM (LC SHI 1_ýUIA, I ) =LC)3UhJFF( 1, 1)

LOCAM (LC Vb LE 1 3) =LCI3UFF ( 1~ 4)
TLrOAD=TLOAP,)-T. PM

C POP LCBLIFF STACK~
INL=INL-i.
DO 63 1=1. YNL

63 I.CBJFF ( IJ) =Cr.UFF(11,J)
CSTORE UNMIATCHED NDATA IN OUTPUT APR~AY

61.'. DO 6~5%1, 1.5
6&ý) IXF(l)- CANI1AUF~(i, I)

lXFib)z:MAE
e SET TRANSF:EVR TTMe~

ATXF=ASTLOC

10' LAISIZ=LAtSIX-1

It.~%T;' (;ýIIT~ , S) (C MTVr 7, 1). -- l 4), LA S1- C



)01 70 1=.L~U

DID 70 ~j=i

CC2NTINVE
UPE'ATV A.:TLC--

ITWFMGYPv1C61'ý~ .- GP-.A ACI?,. GE.i& 2)~ IATIh-

4'I



ii A-~**~ "t 4, It -4 -N

INT1QEC CAND""A -'AIFR` CAIIPTP.
AS lxr~ ~ 'rx : .: TIM., *I'IS, I WRITEr-. L.4;p)

KEY VARiAlB;'j.Ei

or ,-i, CA- ;l cir- CA RE'Ch-3TERS)
"CAM'DOAý 1) K"41,~L OF WOR) Ir., irCA,.i

C PA~Ž Et) C~ R F -Q UUN C ' FI: (IF 140 1) 1I1IN CAMl
DA:( TR Am FEC'R FLAG` (PA'TA READY FOR MPFIR FROMi~hY

i)!L' DrA READY
'C CAMP IF( 1, 1. 7-(34 ~ FO FIL5- CiP CAM 1Uv-r-,EP Z

CAMB3UF 2'' 1-i:20UENC'; F-tELD OF CA-, C-UFER

C START

i F(<C A M r-UF 1). C.A Fii() 0f. 1 10 0
F ( CAMM BU1 NE. CA-F1FRýLQ ) 0~

F Q-1P M ( 5 X KA 0 iC MATJC H 12)
MAS= I

'OTO BC'
100 CONTINUE

5 FORMAT 5XNE ~-sMO CH IN AS~iOC'
so PETURIN

END

A

A



A. m.*-. _

TN* L,* T T. 1 t-.i E4

INTh~flNAC f CA-., t4A(.

X ;:D A-K~>. 5 -A ", 3),p 'IA1.- I

N1 Mf li:r /LA3I7 .4 A I.-'.. F~h 6 A )IWR ,1

ICOMM&:N/s".J I /1141C.N-, MCN~T. 4iiP-.A DAxC~a AnI~P TMAXTO, 14CW11- - TNLm

kHI S 1R OU T I NE L IF$ L D C 14 IF C.C01re,1 Ch AID4J ALS~O LOAD S T1I CE C.All
F R 0M L 0 DCAM-.

C *THE CAN IS LOA31FEJ) ONLY W4HEN 'THE CAý' 12 N'OT DOING A SEARCH.
C THE CAM SE&AiH lch. DONEF 'UNI 'RiAi. -TithVE ANT) ýiENCE 'HAS Hi-GHER
CPRI0,-RITY TH.AN T~CAM LO~AD.

C *TIME BETWEEN GkzE;CHES 1S US,.D TO LOAD THE CAN FROM LODCA0.

KEV VARIAB3LE'S:
C INL: POIENTER TO0 i.3IZF_ OF LCPtsUfF

NIQT: !1i~~OF BI TS CHffDi
CNMOD: Nkk1I"ER OF !vlc'VOULrEs

NWP~e: NQ~fIE-R OF WORT)Dýj PE~il C'O
C m NUM2ER 0 OCAL TO LCAM)

DC-Lr Aff'( T: -; N T IO iUULE 1"f
'. LDCAM1X ( I T) : 1,ALCsM VA; _kJE L 1)C M-, 1 v 1. )

C LODCAll (PIOO#. nm o.4 A-ELEMEN14jT
c~LZE FOR L~f31*DIN%- CAMl. LiIADE!) FROM LIST BUFFEPA LCBUFF

L(YCA(**,i) DOA
C L( All(*, 41") F*: REGUEN~CY

LODCII(, * ~) PRI
;_CSUFF(-, 4,) 'iNFUF ! BUFFER* TO THE ..')T, ,NCLUDEýS DATA- MATCHED X~INT

"AN'V AND Tf4;• rlA l`R ";,:-cRZ
C # t -#t-)OA; '672 -- PRIE.G #3 -N'r0A; #4-PRI

d'TIFM: JN1S rRUJCTI0N TIN;_- TO LOAID A I)DATA WORD INTO THE' CAM
CTLOAD: rt ý ±VAILAI`L'E T`0 LOAD~ THE CANl
CCAIr4PTR: PfIJRTO' N'EXT AM-O LOCATION: CAM1PTR-1=CAMs[EZLE

C N (I L...T.'!- NU~- OF TNT THECA
CAFIDOAI Fi, Oi: PFLL ON0 ,1

C~ DATAT IATHE ININi
DO: 2ALU 09NZIE ISO 1-LTIE-~L2 LCL

' LODCAMP (L.CI-711). GE N~cWz'M .00TO)



0 R WI Tfý i627~>~ L~~' CS1. J,), 1. j~2). JJ

f C 1CHEw 2'rh
CI H , I E-E O

0 I~NT 1 N Ul
P MTLf-JAD. LC'. 7 ýr1 CU YI., ~

~~A~fOC*:;Th +LAD 4EMT

C~iIE CAM'TP ~LOOCA! lT. ..

LDCAMFRO -uLDCMPAM IT - 2

DOA 35l -P P 1T
WRI TE6, :2 AFG lpP I) D

UPDTT 78) ~ ~DSTTANWtMiv~~ IEALW
PT00OP t-TLOA& TO

NCL 4.JC (IT t--LWA4 T

DO3

DO 35. =L



PE.AL MT--..'
'2 :1M~ir~.-a-.'~*.:~ :.~C3~i1.. ~ ~flXJF, MAIIlQ.F (6,,. T

I IPi * *L f'N' k . ' IPr N . l.4 I

COMMLCNTT Mr1C4 . 1y~ "A 11A X11:PP TMAX TG, N, WL IN..

k M ON '3~1, D'; A~ 0, 1.9 I'D i~iI

(64. - Iki

INLT~ tM .:NLT3'

C THIS R oL'TI'J A,,rFTS Lli'!' WicT(HEr) r);- rA PO AD'R, PERFOLflM3 AtiE'-!*'rr
C LDIhiIB NAT-C'H. t~ ~ i T~ AN ,.'jj A' E ZMTTR TO Ts m;,b, i'

KPYt VARIAB~LES3
c I MTAG: R O'Clz5131NP- FLAG. I-iW)QR~ DATa) IN TrHE INpuT kisJFiEr '10

Tc~ Fhs~O~ -A ;jlJFFC:R ITEM IS IN PIROCiESS,
C TI C CEFT 1AICW DAT I'fTHE IlUFFER

U115-I Z 'A~T~'EOF IH CN-T ~E
113C,'NY: N~~ROF I !NE&. 'M,"""-,'F'r-UFE'R OVERFLOW; FLAo *,-s

11 TAIBUF (UlIS iq>J INPUT BUzEp rc TH;i_ Aý,-iP.Y PROCESS3ORES

NIA N-:-!TME Ffj% EACH E-MITTER FROM ASKO

C tPTlOC :z -1 ic~ P
C NECON: NJ;,IJER OF 'EMfT1ERS ne-rwiFErD u3EFDRE C(3NlFiG~URA'riIlhI-

2~ ~ FID iT PARfMETEP.
.11JF T OF "I'J'ITTEPS CŽJRENFLY INTHE ENV Ir0jNHFE•'JT-

- i- N~fw~K.~EiDTH-EN DYtN-ýp 1C CONVIGURATION
T -1NC: f5 F MIICRO (N&TRUCTIDJN"5 TO rPR-OG 9 AN EM~ITTER IN ii
TI1. 11NLT4CT.~ P:C:~~N 7XNE OF THIE AR'A-PRC;Ct

C ~M0: r~:~t~rOR A hETWE4EN LIN.2,S MA rCH
O I1MOD: TO MA~Ni~~OVi~'U~NUMBER)
.2 LL: V~YTO 1i'105 (POV'T7-* IWITHTN A MODULE)
2 MAMEM( 1 MOD, L - MA:,'l NIEl1OR'( F-E

C -!-CARRIEl` FPREOJENCY
C ~-ULSEWIDTH

1ý,-TC'A

C t~~b"E"l-TTEIZ TYPE: I-P:A-G', 2-G I-CW1 4-.jITTERE~D
9-UjNCLAJi& i'F7ED, 'i-PG: P.R Iu ~LTcomipur:_

C PNTU) 'ONE TO CURR~ENT £Kt,2H- OF MEMiORY MODU)-.'-
ThIUM # ZE* Cb ME~C~iDRY DLE4

C NWD: 1NW`1:. ýER OF WOIXPDý: PER -10iflOP 'NODULE
C AxGT: PRI'Y.CESGIN%? J~IM16 FOR AN FEMITTERP (DELAY THROUGH ViMpPR,

M ~AXG: i1 iIMDEILAY O: CI AN EMITTER
CTMXF: TllýE AT WHICH PVAXQT OCCURRED
*)TIIAXTO: .? 1r",; AT W"' CH HAXG OCCUFRRED

S~ T AR'T
IF( I WtAG. Q-K" -.410 TO3 Pý
TGTBUFFEVi F

LM l'R I- 7fl 2r



24 L". T TZ~i

COLL"7T ",A

* I~ A~~FR ~A1T~ LE. HPI LUC kE iUir

TEST FO., '~O >TTERS; ~ ~ CO)flF 1%URE LIST

CALL C~I
TEST FORh' Lt:,'A-- T11ME CWf4RtNT 0,ND nr~L:EPROCESGIN(' FLAG

28 ?ITAc-o
TF(LMISIZ. -E: ,ND IlP CLOC. LT. APXFI.() Mi',TL.OC=ASXFR(I
IF'(L!IV3IZ : 2.Q* PETURfl;

SEARCH AD.JACENTr ni'FMIORY h(ODIUL F TO M~~HPAPAMETERS B3ETWEENILIX

Dc' I J =1, N141,

CHECi. IF AnU ~lMPT': (TI-iL: T1111iN'W 1'-- 1/'3 B3ECAUSE OF3 PARNALLELI'C:!1)
IF (I Gi2.PwNf( -,~. i D G 0, To 1

M~ATCH IFREQ

!L= IU-2
I~ MAIiY(3,~.LT. 1L)(L Y13 I

LL= I

I CNT INUE

C TEST TOP I2 OP INCIPEM1ENT COUNTER
1 iF MArMEM III~ LU1 6. . 2* AND). WAI~~IoD), Ll-, 6). NE. 1 ) 0.0 TO 61

lF <(MA I UF ( , NE. I Ml):.i ) !t'l=IIJ
62 -(MAI!2UF(~ ;E MANFIlEMIIDO,LL:) '(CFi)=XCFD4-1

IF(MPjý'DUF(b * NE. ).IIIGD) G~ 1 `0

IFCIWIZITE. L.7 GOQ TO 64
WRITE(6, 40:3) 'r.-

403 FORMAT1IX5 "Cr,,i1, PoiarE. Iis,p m3
DO 43 K= s NiiO:
II=LDCAMP(W1
DO 4ý3 I-1, II

64. QC QIT I NU-lE
Z E&TFUR TVPIr -,*:*u 'D lN N")Lu1-E FO IMH,"r INTRRuPT CHECK~

('-T! N,



TEET F OR C l'i' AT 0 1, 1

T IN C -:-YI N':, h
G 0~ TI 0 Vc

'P UATE C URR~E-1\1 hODULE

T 'NC =1 I NC4$ ~IM,

i2 TTNC: fIlv2-itý TI

A=MAT n-UP I,

*MAIIEIMkVý, W,1'2

* 1#MEN QEjAIV~, =N P4AIJ3UF( 1 1 3)

MAMEM (Wý -N, r") 4
MANM j(K:, NJ, 6'i3H -

!i F( IwRiTTE. W4T 0'-'wRlTE('.-* 15)

IF (MN'T(Fý).L GT MNT P) O) ýPTO (K PN i9 -

WFRITL:(-:9~)
9 9 rQMAr (5X, "iIPPR FILE FULL')

UPDATE vP T, 0C.
1 9 LQ~LC=FUC+;T INC
C ET PROCESSIN(ý. `l*QMPLET-*.*.tYN :'I'IE

75 7 MXF =m.P 7 --
C COMPUTE DEA !%' PROCESý.,N;;

40 IF (I'WITE. QT j)WRITE i 4rFAr1TfCABF14

#~.G~A1i~A)X0 ,. *5)

MiAX(*Tz=AXGTf

I F(MAX2aT. 'G NiAAG) MA,4i:-AX0T

6 FORPMAT I X, 'Nt-'PR 5 5IS, E 14. 4, 14 1
C. COLLECT STAI, LfO-'LCA R-UclER

C POP UP STACKA

LASXFR 1 (K)-



so 'YZWTTNUE

.1'

------- -- -S



CAIPH NT R FRJ&I J A

EMOR ~ ~ PUS WIDTLESH-0TO~-

I-CA~i NO D3 INDEX T.)~G PR NO DIiEVJI iE

(j rUTTIrl, tf NrER FRE

C .R: l. S-UEINCILSFI ED- PRIR;.. NL~M OT PRIP) Ili-1'

TMOD.AiE I~tX'. EililE 4. L\T. *3- iniTv

T C UT E PRIII-: 4 FErJ DT RCS

C ý-E-TTT F'1R leP
IF~IFR._T !0 f~ TO -. OFTCA M T IM OD M L 1 &)'-;T C9R

1PRINCTNC4 P~t- im' EEII3 Nfýý1 LLIA.T R

START~ UL

IF(MAMEM'IIMOW)L 4). LT.0) RE)TUR10

T EST FOPRE~Li -'4 ITTE

T) INC=rI NC+4
I F ( I FR .GT.0 .-C) TO 124

* TINC=1TINC+S.. :TIM
GO TO 49
STFIS Pl- V*



12 TlI9r~l ý ~4 ý

C) T,"C 4

C T NC --

C T S ~I E 1,:..

IF X. OT. 3. TL .3

430 T1INC=T INC& IH3
1- I( XA. GT. '3 ) TO I(-

C00 TO 49ý
C STOR~E CURR;E'4,Jr :M.Ts

11Ai1EM ( 1 M-01),. 7) =MA~IN (1INUD, LL, 7-
F (-~ i~I P 1. '?T *---I)WP% ITE (6, 16))r1AMEM I 110', LL, 7), IPR 1

F FIC P P ? r 1 12-'P R C,"MPU -YfE D' T
T INC~:T TNC-r1 h~r 15

NEID=N14ED-r1I49 MANr'-I,.( I NO D, L; 4 )M A 11:1UlF 1, 4)
50 RETURN

END)



"J"LICIT T.

;NWD

I JuA1 ~ 4, 0$ C~ LA-I " 5.:L CCAqX (256,
I INL~i -1 it. 72, 1Ni. 1 2

*TH 1Z iOUI INE L ý;,'Eo 1'0 kjF;DA.1 E 'I~ lJ 1 CiT OF THE
C MI1#itýP1ROCE8.30P~ )--RAY MEMO.-%`."EM Wi6wHI~i THIE DATA

C HNA'-ES LITHIW ' _-,JJFf, iIrni rt'HF Do.A ALSO
~.CHANGES, i.E , "iz ripps ;.:Ar,n-l O ~ IN, AN ADJACENT

K.EY VFAR!,t-.JLE9:
PNT(KK): Pi0*14TER TO T1HE CURdPE.N" SIZE 0!- MODULE KK OF THE
c 1)' F 1L.E M A M ErM( K~ V%, #

C MPNT(KK': MIU VALUE OF PNIT(KK)
C MA I BIF ( 1, 40: k! -Dfr.A, #2--FPE-G. #!:-PW, #4--TO,.A, #'.e-ID#h 4#&-MATCH

LCB3U F F ( I N', 0 ~1DA, -F RE G. 0 3 - 14T A, # 4- pRlI

C -DUIA, #*24-FREG *43-4PW. 44--WfA, 45-PRI (SET TO

1j?~.471 COmP~UTED), #e-SE.'1,i7-:ER *fVIE (SEE PRIF),
S _ CYD, # i- ',T R IU 1D #

C. 0,0: i'Ei1.iORY MODULEr mpICH 1-j1;EPONDS TO) DQA (I. . 61)
C *...AL: r~I ri' LIX'AT'1ýN IN ti-iNUPY, POINTS TO THES LLTH EN'rT;

C ETART

2 1v1P1EM(KK, JJ Z~B .1, Xi
DO 3 Kz5, 7

3 MAM2:VtKtK, jJ. =!AjEI J Y!'ND, tLL, A

PN7 (KV. ) -iPJ k I

SIL= I INL. LI~,~iT
1 NLI2= 1 NL 72-

23 ORMA~f (2X. 'EF*NAT I WrU7 B3UFF:ER hI~lFLciW. I'T-', F 12. 6)
GO TO 49

22 LICDUFF ( 1NL, '1=IMAi Z3UF (,I
-CIBUFF ( I NL, MA 1I BUFR( J2)
LCBUFF ( INL, '3 A11M(MOD, LL, 5) +MA I BUF(1.-4)
LCI3UFF(TNINLý 4 )=MAMEri INOD, LL, 5)
IFIIRXT G-.0 LRITE6,2,)(LCBJUrFFUNL,J~J).JJ-1,4),INL#-tMXF'

2 &,., FORMAT2-X, 'MTRA', 5119 F12. 6
C 4CK MEMORY

49 PNT(IMD=PNT(XrMD)-1
NN=PYNT ( IMOD)
DO 5C = ,ý

50 m~atrIcm D' -



* '~ ~ *'T~'5'.~":~64. 4, td, L;-,~XM' :F; :'hi.F', MAIPIJI- k 64, 6a f~1

M P; N T~-M~ 4 N I

C WýTHIN ih-iE A.LJJ.X,4.J iirii qU ~T THF:tý I NO CHNG IN DOA.

!NL. 0C)ThTER TiSIZE OF L.C.13UFF
kc LCOU~FF IN,, I.~ $iD.. *zREG, in3-*k'TOiA, *4-PR!

c 4-DOA, 42'-FREQ 2 #,3--PW, 4#4-TUA, #5-PR I, i6*yE
c7PL? RCVO, #B-EMITrTER ID#
T INC: Tf.OTAL # OF IIICJRO~hi~lPUCTIOWS EXECUTED TO PROCiE";`-3-
C, AN EMITTER IN MPPR

rTIM: MICROINSTROCTIL]N PRitQESSINC TIME OF: THT- FP.UC AFRI~il

S10 F~jMAr,,5~,v Mh~ ATCH ~YFE, 2~

DO 2d?,
S2 MAMlEm (KKd, L! i:A I3'..Wi UJ

C STORE N1ATC1-4E'ý L4TA IN fl(AT ARIPAY
I NL.= INL+ I

41 Z~Th 17- 6, A. 2-3 N1' F

F ORMAT (2AX !,~NT NFU;' li;'l DVE'RFLC)O. MT=, F 12. 6)
`0 TO 4q

LCBUFFIN.L. - ) MAIIEMI MOVt) LL. 5)
TINC=TINC+lrl_ -TIM

END



EA4RG'27'INE o" '

:, x ,l,, ., ,- - r. L• 1N ,"'.%jE:- 4 .7 1-|'1

:' '/MITIN,'PP N: PR l '-- " IH, NE! 0 ,

1 NWP I!. Ngj 7

O ~ ~ ~ -: 11- 1hFN IT~ M "

"• A I",/ 'h.) B996B, `0:!',0 . 1-"1',- 2 ,, 64,

I i 1"* 640, )4,. 30"7r. 64, 64,
2 .6 . (/'.*-., 40tý-.., "a4, cz4

3 . 256,, -;o.3 . 600 1 4 - 29,
'-" 768. 44:'4. ""
,,.'... 51 t. ;, 64, i P,:8 o 4 ,.56,

"" , ., 7 , , f!S8,

I O-5., 1024, 1-096, 5B11, 372, 256,
9F936, 10 2' , 7160, 8001, 16, 512,

I 256. 1024, 3072, 4096, 32, 1728,
.*.-, 1024, 204 R, 3O0'2, 32, 128,

2 86. .024, 20-'.), 2Ž04 , 32, 128
3 /

THIS SUUROJTJN.: siMULATES IHE RODi .. ,,.rWiCH MAPS3 THE
C-MAX. AND THE MIN. PRI '7 INTO THE' CONFIGURATION
C.• .

" KE; VA¶,ARIABLES:
C NMOD: NUM3GR OF i]Z WUL.ES I- FHE LIST BUFFER (LCBUFF)
c NB IT: 'NOiM0ER OF BITS S.HIFTED
c, PRIL, PRIH: f-LC,;,; AND HIGH PULSE REPETITION INTERVAL

START

NCONF= 13
DO 50 1=1, NCC.N.=

IF (T- R IL. LT N 1•,I 1 .OR. L~i.•, M (2,1) .DR.

1 PRIH. LT •,) OR. PRIH. c.. .4. 1)) GO TO 50

NBIT=M(6. •.."
RE-TU'.RN

50 CONTINUE
NMOD=16
NBIT=328
RETURI4
END

2)



rT~~~E~S ,~i! 1- CA1~ 1A& ri FC

~co1mmo / A \i D4rA; -o "IF ''wa:? kIm L..!-

C!-L NR J- f~~C I~ t*-L. TIPIXF. NE1i t) 64- 6). T

P: 'MT./uP NC h3UP NY 4. N 1

CZ'lM(I3N/PST. flV C . P!- rNAI), 1-PI:D'

4 CONN/LR\'~/C~UF(64; , LRI]UF (.14, Lt, ICEI. 16), ACELL ( 16,,
I RI1D: (64. -) RIBU:4), LF,'I1BT, RCt rL(ý.. LkISI., LRIT

COM11ON/LAEPP./PFC YcR (32), L.Aa SI Z, P.S] U.jC, OSTLU.P, IDEL, NMOD,
i NL.PM,-, NO 1'r

CO.:%MfJN/LMvPPF ;,'2'FP1 t~.u'"I161Z, tISP'sL0:, FiC~NT

-. INLTI. Ii2. TLT3

(I fI NE. LT. -' F*) ETPN

C**********~ ***~ ~ ~WRI~ TE UUT STAT I ,:-r ,,cs'*******,**, *3*.

F7 ORMAT(////- TIME ='., F6~.2, 3'.E.. (H:INT INCR=', F7ý.3,

IO or WIITE(6, 1O)NICNT, HCN'T, MAPXOIAA1.HQ¶~, TMAXTO, NCWLXL'

I 'MP;:,B , 1:2. '1.- '-X 'ffTIM==', F9. '~ PJ*'CWL='", 19,.
2 2X, 5 'l*LCAht'2.'F= 13 rI, X..~O 17. Y' 2%', 'ICPD=, 15., 2X, ~iA ~

* ~2 2'l-. 'NIA-~' 17, 2X,. '3NL*Ti=', 14.. 2".- 1NT2 41 2X, -'IWLT3=',.13
ITMPNTl'0
DO 108~ V=1.6-*-

10 ,TMPNWT=-T"-lt?*-+?jT W) - I

'.11 FORMA T (2X*

~.004 F'ORMAT( I MAI f N;; i MRY IS IZES: 162~ 12~)
WPITE(6, 115) !TNPNT

I1 I P- ORMAT(5X, 'TfLDIAL EM11TL7PS IN 1 3)

WPITE6 10? iDAX() =,NM0

,.008 CONT 71NU

WR I TV: 6~ ~~;..'SW ~A L~'


